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FOREWORD

This report presents the final results of one of the 56 projects compris-

ing the Military Effects Program of Operation Teapot, which included 14

test detonations at the Nevada Test Site in 1955.
For overall Teapot military-effects information, the reader is re-

ferred to "Summary Report of the Technical Director Military Effects

Program,' WT-1153, which includes the following: (1) a description of

each detonation including yield, zero-point environment, type of device,

ambient atmospheric conditions, etc.; (2) a discussion of project results;

(3) a summary of the objectives and results of each project; and (4) a

listing of project reports for the Fdlitary Effects Program.
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ABSTRACT

The results of previous tests indicated the need for additional
data relating the magnitude of the dynamic pressure to specific types
of damage to drag-type equipment targets, particularly in the region
of precursor formation. The principal objective of Project 3.1 was to
investigate the response of such targets on several surfaces (water,
asphalt, and desert). In addition, the attempt was made to attain ex-
perimentai design data for ordnance equipment and to determine the
effectiveness of a roll-over safety bar placed on the wheeled vehicles.
The studies of shielding effects of armor against gamma radiation were
also conducted.

Vehicles were exposed on nine shots at distances selected to pro-
duce damage levels of interest. In particular, Shot 9 provided a test
of shock loading only; Shots 6 and 12 provided the data for the several
types of surfaces.

AUl of the shots on which vehicles were exposed were instrumented
by placing a line of self-recording flash-initiated gages that measured
static overpressure and dynamic pressure. Project 2.7 provided the
fim badge and reduced the data for the shielding studies conducted.

Am evaluation of the damage inflicted on each item exposed was
made after each shot, and the displacements of the vehicles for each
shot was measured. A statistical analysis was conducted to determine
the correlation coefficients between displacement and damage with blast
wave parameters.

The conclusions which may be drawn are summarized by the following
statements:

Considerable damage data on various vehicles, combat and transport,
were obtained. The results show that damage was most extensive on a
desert surface. From the displacement measurements and damage, the drag
forces are higher on the desert surface than either the water or
asphalt surface. The displacement measurements of the jeeps indicate
that the shock wave was asymmetrical on Shot 12.

A comparison of observed damage with predictions based on the
curves presented in WT-733 and TM 23-200 shows agreement to a fair
degree of accuracy.

Considering the effect of positive duration, the results show that
scaling factor for damage radii be as w0.40 when the yield of weapon

is varied and the scaled height of burst range is between 80 and 500 ft.
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An incident ovei-preooure of about .2" pzi in the reg, ar reflec-
tion region is required to produce significant dainage to jeeps froim
shock loading only.

Protection against drag forces can be achieved when the tem is
placed behind a barricade which in itzelf can withstand high drag forcen.

The roll-over safety bars placed on the vehicles helped miniMize
cab and body damage. Certain denign features can be incorp~orated in
the design of ordnance equiment which wil minimize the damage.

The average atten ation of geaxa radiation "by armnored vehicles, the
1448, T97, and M59 are 0.1, 0.6 and 0.7 respectively. The lethal rafiii
for personnel from gamma radiation extends farther than blast damage
radii for the armored vehicles.
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PREFACE
This report describes the field layouts used to obtain the objec-

tivez of Project 3.1, discusses and analyzes the effects of the various
shots on these layouts, sets forth the concl;sions derived from the
effects noted, and makes recommendations.

Tn addition to the expos re of L/l4-ton trucks under Project 3.1,
PRL coordinated the exposl3re of eouinrent for the Development and Proof
Services (D&PS) Aberdeen Proving Ground, as part of the Desert Rock
Troop Training Program. The purpose of the exposure by D&2S wias to
obtain technical design data for future design of Ordnance equipment.

This report contains the blast damage inf-Pormattion obtained by the
exposure of items by Project 3. 1, D&PS, U. S. MZarine Corps, and the
Desert Rock Profam.During each of the events in which eouioment was
exposed, press'ire measurements .,ere made to cor-relate damage ith blast
wave characteristics. A separate report, W_-!155, has been vritten
describing the pressure measurements and the results of each shot.

By arrangement with Project 2.7, film badges were obtained and
:sed to investigate the shieLding effects of armor against the initial
gama radiation on all shots on w..hich tanks and other armored equip-
ment .as exposed. The results of this study has been extracted from
the report written by Project 2.7 and is included in Appendix C.

The authors are indebted to many individuals and agencies for the
splendid cooperation given Project 3.1 during the various phases of
OperatiDn TAPOT. Particular appreciation is gratefully extended to
members of the BRL organization, and the personnel of D&-PS and the
Detroit Arsenal. These men rendered invaluable aid in the field work
and damage evaluation.

Grateful acknowledgement is made to E. E. Minor for providing
technical and administrative guidance throughout the various stages of
the project. To CDR W. M. McLellon, and his staff, special appreciation
is extended for the cooperation given the project during the planning
stages and at the test site. Special appreciation is extended to Pfc
John D. Ferrucci for the statistical analysis conducted and given in
Chapter 4 of this report.

The project is deeply indebted to the 3623rd Ordnance Unit for the
support given in recovery and placement of items throughout Operation
TEAPOT. To the 95th Engineer Battalion, appreciation is expressed for
the survey work conducted. The efforts of S. R. Ishbaugh in typing and
assembling the final report is greatly appreciated.
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Chapter I

INTRODUCTION
1.1 OBJECTIVES

The primary objective of Project 3.1 was to investigate the re-
sponse of drag-type equipment targets to blast waves propagated over
three different surfaces: water, asphalt, and desert.

Secondary objectives were to determine the effect on damage of
variation in the positive phase duration or yield to determine the
damage from shock loading only and to obtain data to improve knowledge
of damage to equipment and damage criteria.

An additional objective was to coordinate and asdst a program of
equipment exposure by the Development and Proof Services (D&PS),
Aberdeen Proving Grounds, Maryland, under the Desert Rock Operation so
that maximum information would be obtained by D&PS and complementary
data for the objectives of Project 3.1 would result.

The principal objectives of the D&PS program of equipment exposures
were to: (1) familiarize Ordnance Corps design and test agencies with
nuclear explosive concepts; (2) evaluate the vulnerability of current
production combat vehicles to nuclear weapons; (3) obtain experimental
design data for transport and combat vehicles; (4) evaluate modifica-
tions designed to minimize damage to transport vehicles; and (5)
examine the attenuation of nuclear radiation within the armored vehicles.

1.2 BACKGROUND

Past tests, particularly UPSHOT/KNOTHOLE (Reference 1) and CASTLE
(Reference 2), have established dynamic pressures within certain
regions as the significant parameter associated with damage to drag
targets. However, the magnitudes of dynamic pressures for specific dam-
age are uncertain. This uncertainty arises principally in the zone of
precursor formation (References 3, 4). Within the precursor zone the
Rankine-Hugoniot relation (Eq. 1.1) between static overpressure and
dynamic pressure no longer holds.

2/
Pd : 2.5 P2 /(Ps + 7Po) (1.1)

where: P = peak dynamic pressure (psi)

Ps peak static overpressure (psi)

P0  ambient pressure (psi)

In general, the static overpessures are lowered below the pres-
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sures of the ideal pressure-distance curve, and dynamic pressures are
increased over that which would be computed from Equation 1.1 using
the static-pressure measurements.

Certain conditions for precursor formation are presumably known
(References 5,6). Furthermore, it is known that formation of a pre.-

cursor over a desert surface will result in the shock wave being dust
loaded. Precursor characteristics over other than desert surfaces have
not been thoroughly investigated. During Operation TEAPOT, it was ex-
pected that a strong precursor almost entirely free of extraneous
particles would form over a prepared asphalt surface and that over a
prepared water surface no precursor would form but to some extent the
shock wave would be water laden. The precursor characteristics and
dynamic pressures to be expected under these surface conditions were
unknown.

In previous tests 1/4-ton trucks (jeeps) have been exposed to
nuclear detonations under various burst conditions at the Nevada Test
Site and the Pacific Proving Grounds. The response of the jeeps and
the damage sustained reflected the actual forces applied. Jeeps are
regarded as typical drag targets and can be considered as response
gages. It was expected that the response of jeeps exposed on the three
test surfaces of Operation TEAPOT, coupled with measurements of the
basic parameters of the blast wave, would shed light on the effect of
surface conditions and precursor formation on damage to drag targets.
Damage criteria as presently established for equipment targets (Refer-
ences 1, 7) are based primarily on results obtained for dust-laden
blast waves on a desert surface; i.e., most of the data have been ob-
tained under normal Nevada Test Site conditions.

In order to establish reliable damage criteria for the present
array of nuclear weapons, some knowledge is required of the effect on
damage of variation in yield. At the same pressure level the positive
phase duration varies as W1/3 where W isthe yield. The revised edition
of the Capabilities of Atomic Weapons (Reference 7) proposed that scal-
ing of ground range for damage be as W 4 . Prior to Operation TEA-
POT, data were available on damage to jeeps from a multi-megaton
device (Reference 2), but complete analysis of the effect of positive
duration was not available. Hence the information obtained from the
present and past operations will determine whether or not pressures for
specific damage will be lowered if the yield is increased.

Of further interest is the effect on damage due to shock loading
only. Shock loading is expected to become imortant as targets ap-
proach ground zero. The horizontal component of dynamic pressure
diminishes as ground zero is approached and the effective forces for
damage are due to the static overpressure. This effect is not signifi-

cant in reducing damage in the case of low air to surface heights of
burst. Similar exposure to primarily static overpressure loading may
occur for targets shielded from drag forces by barricades.

The D&PS program was based on an Ordnance Corps requirement for
examining the damage characteristics of Ordnance e,.uipment with the
objective of locating weak components or discovering modifications in
design which would produce significant reductions in damage and repair
times. Further, it was expected that orientation of Ordnance Corps
design and test personnel with respect to the effects of nuclear
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explosions on ordnance equipment would provide a basis for the effect-
ive design of equipment more resistant to those effects. Previous
exposures (References 1,2) had indicated some modifications to reduce
damage to existing transport vehicles, and the D&PS program vas ex-
pected to evaluate the effectiveness of these modifications.

The study of shielding from nuclear radiation was required for a
complete assessment of the vulnerability of equipment and the personnel
within.

Appendix B presents additional discussion of the D&PS program, and
Appendix C describes the radiation shielding study.
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Chopter 2

EXPERIMENT D E'SIGNI
The following is a listLng of ordnamce items Used fir expo'ure in

(Operatikon TEPM2T by Proj ect 31. 1 and D&S.

l/4-ton truck, old t9e0.......... ......... 0 ,eanh
i/4-ton truck, M38.A............................ 6 each
2- 1 -ton truck,'M35 ,(E,), .. ...... .... ,6 eaeh
2,--ton truck,M135 (GCMC),.................... 6 eaeh
5-ton dump truak, IM51 ........... .. ch
zA_. ,ed Infantry 'Vehicle,, 59 ....... .. e.a.ch

Self.-propelled, 155 imm 9n, T97 ........... . 1 ea-ch
Tank, 90 mm, M48 ...................... 3 each

The old-type l/4-ton trucks were used to ,meet the obJectives of
Project 3..1,. The, -provided a relatively inexpensive gage for determi-
ing the damage-producing capacity of different type of blast waves 'tO
drag targets,. The other equipment was used for exposure by DS.. On
,each of the D&US wheeled vehicles. an arched bar 'was velded to the body
to minimize damage as a result of rolling over,. This ,was .aled a Toll-
over safety bar. in addit-on to funishing design_ data 'to D.IS,, 'he
exposur, of this equipment provided a considerable amount of daage
data for Project 3.1

The original plan was to expose the fifty Project 3.1 jeeps on
three shots, Shots 1, 6, and 12,. Ten were to be placed on the Shot 1,
and sixteen were to be placed on Shot 6, eight on a :desert line 'and
ei obt on an asphalt surface,. 'The remaining twenty-four were to be
placed on Shot 12, eight on the desert line, and ,eight on the asphalt
line, and eight on the water line.. Unforseeable .cireumstances resuIted
in a slight modification of this program. In the follow ing sections.,
where each shot is discussed individually, the exposure of this equip-
ment is further discussed.

The operational plan for exposure of the D&PS test items called
for utilization of all shots. Participation in any event depended 'very
much upon the scheduled sequence of that event, and changes in the
scheduled sequence of that event, as Operation Teapot proceeded in the
field. Participation was anticipated for at least five shots,. The
plan called for initial exposure of equipment in pressure zones where
light damage would be expected and, in each succeeding shot, for

placement of the equipment in higher pressure zones until the severe

damage zone was reached. This program had to be changed considerably

after the first shot. The problem of exposing the 'equipment are more

fully explained in the following sections.
The study of the attenuation of nuclear :radiation by vehicle

armor was arranged as 'part of the program ,of Project 2.7 "(Reference 20)..
Film packets for ;measurement of gamma radiation within t-he armored

18
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TARIZ 2.. - SHOT I FIELD LAYC(Yf

1 gO gide on: FO front on
Correa-ted Pressure

X~ stance froK ps PCI

2D 90 23.8 1.8

__ FO 19.5 2.7
.0 7o 8.7 3.0
550 70 16.5 3.0
848 so 15.0 4.2

12 so 10.0 2.5F o 9.8 2.5
!7"o 6.0 1.0

I- u SD 5.9 .

_o 1r.o 4.7

5 =" GUN, '--PT
8-72 Fo 14.0 4. 7

MJC D , 5 _,", 6 x 6, X51
330 so L.1 4.8

915 so 14.0 4.7

3D50 so 12.8 4.0
1190 so 12.1 3.6

TFCK, CAGO, 2 - TON, 6 x 6, M35 (O)

1-50 so 11.5 3.3
2160 so 11.4 3.2
1-__0 so l1.1 3.1

l so 8.4 1.8
!'aj9 so 8.1 1.7
1"95 So 7/9 1.6

T3JC, CARGO, 2 q-oN, 6 x 6, ]V35 (GHC)
1260 s0 10.2 2.6
1290 so 9.9 2.5
132D so 9.6 2.3
1510 so 7.8 1.6
1530 so 7.6 1.5
1i5 SO 7.5 1.5

TrCK, tUrILITY, -TO, 4 x 4, x38A1

141o so 8.7 1.9
1420 so 8.6 1.9
1430 so 8.5 1.9
19Bo so 4.9 0.6
1995 so 4.8 0.6
2005 so 4.8 0.6
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KEY

5T TRUCK, DUMP, 5 TON, LEFT SIDE OF VEHICLE
6 6, M 51 TOWARD GROUND ZERO

21LT R TRUCK, CARGO, 2 1/z TON,6 x6, M35 (REO) "0 RIGHT SIDE OF VEHICLE

21 T G TRUCK, CARGO, 21/z TON, TOWARD GROUND ZERO

6 x 6, MI35 (GMC)
I/4T TRUCK, UTILITY, 1/4 TON,

M38AI 940 FT

- -o
212 1TG 1200 FT.

•T RI Rj R T 23o

1500 FT

1800 AZIMUTH

Fig. 2.2 - Field Layout, Saot 2

TABLE 2.2 - SHOT 2 FIELD LAYOUT

KEY: SO side on: FO front on
Pressure

Distance from Ps Pd
Ground Zero (ft) Orientation (psi) (psi)

TRUJCK, DIM, 5 TO, 6 x 6, mS1
940 so 15.8 2k.3

1050 so 13.9 11.2

TIUCK, CARGO, 2 TOR, 6 x 6, M35 (RB)
1200 so 13.5 4.8
1200 so 13.5 4.8
1350 so 11.5 3.7

TRUCK, CARGO, 2 j TON, 6 x 6, M135 (GIC)
1200 so 13.5 4.8
1350 so 11.5 3.7
1350 SO 11.5 3.7

TRUCK, UTILIT, 1 TON, 4 x 4, M38A1

1350 so 11.5 3,7
1500 SO 10.9 3.2
1500 so 10.9 3.2
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positive-phase duration shock wave compared to the positive-phase
duration on Shot 2.

Eleven of the D&PS wheeled vehicles were displayed on Shot 4, but
after Shot 2 some of their positions were changed. On Shot 2 the re-
sults indicated that the 5-ton dump trucks were vulnerable to the
pressure levels to which they were subjected. Hence, they were moved
farther back in position. The resulting display had all the wheeled
vehicles in two rows, with the exception of one of the 1/4-ton trucks
(which was back into the same row with the tanks). This field layout
is shown in Fig. 2.3 and tabulated in Table 2.3.

The T97 and M59 were moved to a higher pressure region, since they
had been exposed in pres-ure regions on Shot 1, wherein daage was light.
The M48 tanks which had not been previously exposed were back in a low-
pressure region. Only two of the three tanks were exposed for reasons
described in Sec. 2.5.

After Shot 4, it was found that at best only several of .he
wheeled vehicles could be used again to give worthwhile data. They were
moved to the Shot 12 area. The two M48 tanks, the T97, and the M59
were moved to the Shot 8 area to continue the tests on the aruored
vehicles.

2.4 FIELD LAYOUT, SHOT 5

Shot 5 was a low-yield device on a 300-foot tower. There was no
exoosure of Project 3.1 jeeps on this shot. Field layout is shown in
Fig. 2.4 and tabulated in Table 2.4.

One of the goals of the D&-PS exposures was to obtain radiation-
attenuation data of tank armor. Since Shot 4 was delayed from its
original firing date, one of the h48 tanks was removed from that dis-
play and placed on Shot 5. This gave radiation data for low-yield
weapons and also provided blast damage data for the short-duration
blast waves resulting from low-yield blasts. After Shot 5, the tank
was moved to the Shot 8 area.

2.5 FIELD LAYOUT, SHOT 6

Shot 6 as a medium-yield device detonated from a 500-foot tower.
There were no D&PS vehicles exuosed on this shot.

Shot 6 was chosen by Project 3.1 as an additional shot on which to
examine certain aspects of blast-wave phenomena. On one side of the
tower was a large asphalt area and on the other side a desert area. Old-
type jeeps were placed from 1,800 to 2,550 feet on both the desert and
asphalt surfaces. it was expected that on both surfaces a precursor

would be developed. However, on the desert line it would be expected
that the precursor wave would be dust laden, whereas on the asphalt
line the precursor would be essentially free of extraneous particles.

In addition, on this shot, several pieces of Marine Corps equip-
ment were exposed on the desert surface. A field layout of Jeeps on
Shot 6 is presented in Figs. 2.5 and 2.6. The tabulation is shown in
Table 2.5.
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TABLE 2.3 - SHOT 4 FIELD LAYOUT

KEY: FO front-on; SO side-on

Distance from PS Pressure Pd
Ground Zero (ft) Orientation (psi) (psi)

AMRED INiANTRY VEHICLE (M59)

2350 FO ii.6 34.3

155 m GUN, SP T97

2350 FO 11.6 34.3
TRUCK, CARGO, 2 TON, 6 x 6, 3135 (GMC)

3000 SO 9.2 6.9
3000 SO 9.2 6.9
3380 SO 7.9 4.1

TRUCK, CARGO, 2 TON, 6 x 6, M35 (REO)

3000 SO 9.2 6.9
3380 SO 7.9 4.1
3380 So 7.9 4.1

TRUCK, DWP, 5 TON, 6 x 6, 351

3000 so 9.2 6.9
3380 so 7.9 4.1

TRUCK, UTILITY, - TON, 4 x 4, M38AI

3380 so 7.9 4.1
3380 so 7.9 4.1
3700 So 6.9 3.1

TANK, m48, 90 m GUN

3700 FO 6.9 3.1
3700 So 6.9 3.1

TABLE 2.4 - SHOT 5 FIELD LAYOUT

KEY: FO front-on

Distance from Pressure Pd
Ground Zero (ft) Orientation (psi) (psi)

TANK, MW, 90 mm GUN

1350 FO 11.5 9.6
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GZ

KEY

M59 ARMORED INFANTRY VEHICLE (M59)
T97 155MM GUN, SELF-PROPELLED

(T97)
5T TRUCK, DUMP, 5 TON, 6x6, M51

2-T R TRUCK, CARGO, 21/2TON, 6 x 6,
M35 (REO)

2-/T G TRUCK, CARGO, 2 /2 TON, 6 x 6,
M135 (GMC)

LT TRUCK, UTILITY, /4 TON, 4 x4,
M38AI

M48 TANK, M48, 90MM GUN

& LEFT SIDE OF VEHICLE TOWARD
GROUND ZERO

Q0 RIGHT SIDE OF VEHICLE TOWARD
GROUND ZERO

b VEHICLE FACING GROUND ZERO

2350 FT.

T97
M59

3000 FT.

2 -TR 21TG 2"T 3380 FT

2jIT R .0 mD 0- 5T
2 2LT R -Tr 2-+T G

4 4 3700 FT

T M48 M48
4

1900 AZIMUTH

Fig. 2.3 - Field Layout, Shot 4
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GZ

2040 FT
M59

197 -

M48 M 2650 FT

4" T'Ql 2850 FT

2960 FT

TT* 
3250 FT.T) .- T (OT)

vT (OT) ,LT(OT) 3700 FT[

4500 FT.

-I 2 T -

2050 AZIMUTH

KEY

T97 155 MM GUN, SELF- PROPELLED, 3/4 TRUCK, 3/4 TON, 4x4, M37,

T97 DESERT ROCK VEHICLE

M59 ARMORED INFANTRY VEHICLE, M59 2 I* TRUCK, CARGO, 2'/z TON, DESERT

M48 TANK, M48, 90MM GUN, PLACED ROCK VEHICLE

RIGHT SIDE TOWARD GROUND ZERO, 4T(OT) TRUCK, /4 TON, (OLD TYPE)

FACING GROUND ZERO, 8 FACING 0 VEHICLE FACING GROUND ZERO

1350 FROM GROUND ZERO

IT* TRUCK, UTILITY, f TON, 4x 4, "Q RIGHT SIDE OF VEHICLES TOWARD
DESERT ROCK VEHICLE GROUND ZERO

REAR OF VEHICLE TOWARD
GROUND ZERO

& LEFT SIDE OF VEHICLE TOWARD
GROUND ZERO

Fig. 2.7 - Field layout, Shot 8
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2.6 FIELD LAYOUT, SHOT 8

Shot 8 was a medium-yield shot detonated from a 500-foot tower.
There was no original plan for the exposure of Project 3.1 jeeps on
this shot, but there were two factors which influenced the placement of

jeeps on Shot 8. First, most of the 10 jeeps originally exposed on
Shot 1 received only light damage and were available for further gather-
ing of data. Second, the excessive damage which was done to vehicles
by Shot 4 was somewhat higher than desired. Consequently, six of the

jeeps from Shot 1 were placed on Shot 8, which was expected to have a

relatively long-duration shock wave.
The five D&PS armored vehicles were also displayed on Shot 8. For

the T97 and the M59, it was the third exposure, and they were placed
in a higher pressure region than before. The three M48 tanks were ex-
posed for the second time and were placed at a lower pressure level
than the T97 and M59. Orientation of these armored vehicles was
varied from shot to shot to determine the effect of orientation of

armored vehicles on blast damage. After Shot 8, the armored vehicles
were moved to the Shot 12 area.

Four of the Desert Rock vehicles located near the D&PS test items
were utilized for additional damage data. These vehicles and the D&PS

items are shown in the field layout, Fig. 2.7, and are tabulated in
Table 2.6.

2.7 FIELD LAYOUT, SHOT 9

Shot 9 was a repeat of Shot 1, an air drop of a low-yield device
with an expected burst altitude of 800 feet. Although there was no
original plan to participate in this event, it was felt desirable to
gain further blast-damage information near ground zero on an air burst.
Project 3.1 had lightly damaged jeeps available from Shot 6, and seven
of these jeeps were moved to the Shot 9 area. Three of the jeeps were
placed in the vicinity of intended ground zero in order to increase the
probability of having a vehicle near the actual ground zero. The other
four jeeps were placed along a blast line from 350 to 1,000 feet from
ground zero in order to compare the damage with that at ground zero.

There were no D&PS vehicles exposed on Shot 9. The field layout
for this shot is shown in Fig. 2.8 and tabulated in Table 2.7.

2.8 FIELD LAYOUT, SHOT 12

The shot of principal interest in Project 3.1 was Shot 12, detona-
ted from a 400-foot tower. In the Shot 12 area, three different sur-
faces were prepared: asphalt, water, and desert. Blast lines were

established doom the centerline of each surface. It was expected that
a different type of blast wave would be found over each surface. The
formation of a precursor wave was anticipated over both the desert and
asphalt surface, being dust laden on the desert line and essentially

free of extraneous particles on the asphalt line. A classical blast

wave was expected to develop over the water surface.
Thirty Project 3.1 jeeps were displayed on Shot 12. Some of them

had sustained light damage in previous shots. Ten were displayed on
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TABLE 2.6 - SHOT 8 FIELD LAYOUT

KEY: SO, side on: FO front on; RO rear on

Pressure
Distance from Ps Pd

Ground Zero (ft) Orientation (psi) (psi)

ARMORED INFANTRY VEHICLE (M59)

204o so 12.5 4.8

155 mm GUN, SP T97

2o4o so 12.5 4.8

TANK, M48, 90 m, GUN
2650 * 8.9 2.2
2650 FO 8.9 2.2
2650 so 8.9 2.2

TRUCK, UTILITY, L TON, 4 x 4 *

2850 so 8.1 1.7
45oo RO 4.4 0.5

TRUCK, 3/4 TON, 4 x 4, M37

2850 so 8.1 1.7

TRUCK, -1 TON, (OLD TYPE)

2960 F0 8.3 1.5
296o so 8.3 1.5
3250 FO 6.5 1.1
3250 so 6.5 1.1
3700 FO 5.0 0.8
3700 so 5.0 0.8

TRUCK, CARGO, 2 TON

4500 so 4.4 0.5

*- Facing 1350 from ground zero *** Desert Rock vehicle

TABLE 2.7 - SHOT 9 FIELD LAYOUT

KEY: GZ ground zero: SO side-on; FO front-on
Pressure

Distance from P Pd
Ground Zero (ft) Orientation (psi) (psi)

TRUCK, 1 TON (OLD TYPE)

112 GZ 78.0 --
236 so 59.0 --
380 so 47.0 31.3
467 SO 41.0 29.0
773 so 21.4 19.0
782 FO 21.4 19.0
1022 so 13.0 11.0
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TABLE 2.6 - SHOT 12 FIELD LAYOUT

KEY: FO front-on; SO side-on

Distance from Pressure Pd
Ground Zero (ft) Orientation (psi) (psi)

TRUCK, 1/4 TON (OLD TYPE)

ASPHALT LINE

2000 F0 21.5 16.1
2000 so 2i. 5 16.
2250 FO 10.5 iO.6
2250 SO 10.5 10.6
2500 F0 8.0 8.4
2500 so 8.0 8.4
2750 F0 5.6 6.4
2750 SO 5.6 6.4
5000 FO 5.5 1.7
5000 so 5.3 1.7

WATER LITE

2000 FO 25.7 55.2
2000 so 25.7 35.2
2250 F0 12.0 28.0
2250 so 12.0 28.0
2500 FO 12.5 10.5
2500 so 12.5 10.
2750 F0 17.5 .
2750 so I-.3 4.1
5000 FO 9.9 2.6
5000 so 9.9 2.6

DESERT LIN-E - MAIN BLAST LINE

2000 F0 9.8 40.0
2000 so 9.8 4o.o
2250 FO 5.9 25.0
2250 so .9 2f.0
2500 FO 7.0 117
2500 so 7.0 Li. 3
2750 FO 7.5 7.7
2750 s0 o.: 7.7
5000 FO 7.0 1.1
1000 SO 7.o 1.1

DESERT LINE - DESERT ROCK SECTOR

TANK, M48, 90 mm GUN

2000 FO 15.0 32.0
2000 15.0 32.0
2000 SC** 15.0 32.0

ARMORED INFANTRY VEHICLE, M59

2000 RO 15.0 32.0

155 mm GUN, SP T97

2000 RO 15.0 32.0
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TABLE 2.8 - SHOT 12 FIELD LAYOUT (Continued)

KEY: FO front-on; SO side-on ; RO rear-on

Pressure
Distance from p

Ground Zero (ft) Orientation (psi) (si)

DESERT LINE - DESERT ROCK SECTOR (Continued)

TRUCK, uTiL , - TON, 4 x 4, x38A1

2000 so 15.0 32.0
2000 So' 15.0 32.0
2250 So 12.5 16.0
2500 so 10.5 11.5
2750 so 9.0 7.3

TRUCK, J- TON (OLD TYPE)
2000 rSo 15.0 32.0
200 Side by 15.0 32.0
200 Side 15.0 32.0

TRUCK, CARGO, 2 1 TON, 6 x 6, KL35 (oMc)

2250 so 12.5 16.0
250o so 10.5 11.5
2500 SO 10.5 11.5
3000 so 7.9 1.9

TRUCK, CARGO, 2 1 TON, 6 x 6, 335 (REO)

2500 so 10.5 11.5
2500 so 10.5 U1.5
2750 SO 9.0 7.3
2750 s0 9.0 7.3

TRUCK, 2 - TON, 6 x 6, m35 (c)**

2750 so 9.0 7.3

TRUCK, 3 / 4 TON, 4 x k, M37 *'*

2500 so 10.5 11.5

TRUCK, DU 1P, 5 TON, 6 x 6, M51

3000 so 7.9 1.9

TRUCK, UTILITY, . TON, 4 x 4,***

2000 SO'' 15.0 32.0

S* Desert Rock vehicle
Facing 450 to right of ground zero
Sandbags on both sides
Behind emb~anent
Hull SO, turret facing to rear.
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the asphalt, water, and desert blast lines from 2,000 to 3,000 feet
from ground zero.

Five LAPS armored vehicles and 14 D&PS wheeled vehicles were ex-
posed on Shot 12. Four Desert Rock vehicles were also exposed in this
area. In addition, one jeep was placed behind a bunker of sand to see
what effect this would have in reducing blast damage. One other jeep
was placed side-on with sand bags banked with dirt on either side for
the same reason.

The field layout for Snot 12 is shown in Figs. 2.9 - 2.12 and
tabulated in Table 2.8.

2.9 FIELD LAYOUT, SHOT 13

Shot 13 was a high-yield shot from a 400-foot tower. The shot
conditions were expected to be similar to those of Shot 4, wherein the
wheeled vehicles suffered severe damage at most locations. It was felt
desirable to again expose wheeled vehicles to this size weapon to
better determine the division between light and severe damage. Five
ton trucks that were still in good condition were placed between 2,000
and 3,000 feet from ground zero. In addition, a Marine Corps truck and
two Desert Bock 3/4-ton trucks were located in this display and evalua-
ted by BPL personnel.

The three M48 tanks, which had only received light damage in
previous shots, were exposed on Shot 13 in a region of expected higher
dynamic pressure. The T97, although violently overturned on Snot 12,
was still structurally sound and was exposed at the same ground range
as the tnree 1448 tanks. Desert Rock placed two M24 tanks in the display
at 1,700 and 3,000 feet from ground zero. The damge to these tanks
was also evaluated. Tabulation of the exposures is given in Table
2.9, and the field layout is shown in Fig. 2.13.
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TABLE 2.9 - SHOT 13 FIELD LAYOUT

EY: FO front-on; SO side-on: 1 turret facing to rear: 2 tank facing
450 to right of ground zero; 3 turret facing ground zero.

Distance Orien- Pressure
Item from GZ tation PS Pd

(ft) (psi) (psi)

TankM24,Desert Bock 1700 F01 15.0 30.0

Tank, M48, 90 mm Gun 2050 2 1. 5 25.5

Tank, m48, 90 mm Gun 2050 so.5 25.5

Tank, M48, 90 mm Gun 2)50 FO 11.5 25.5

155 mm Gun, SP T97 2050 FO 11.5 25.5

Truck, Cargo, 2/3TonMarine Corps 3000 FO 9.5 11.0
TruckUti1ity- - Ton (old type) 3000 SO 9.5 11.0

Truck.Utility,-! Ton (old ty~e) 3000 F0 9.5 11.0

Truck3/4Ton,4  4,M37, 3000 SO 9.5 11.3
Desert Rock Vehicle

Tank, M24, Desert Rock 3000 FO 9.5 11.3

Truck Utility,- Ton (old type) 3300 SO 8.6 7.5

Truck, Utilityt Ton (old type) 3700 SO 6.8 2.2

Truck, 3/4Ton, 4 x h4 M37, 3700 SO 6.8 2.2
Desert Rock Vehicle

Truck, Utility, Z' Ton,(old type) 4O00 SO 6.1 --
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M4 0 M4Sb M4 8c T9 M59 4 & 2250 FT

2
1 TR 5001T

NT 2

2L 2500 FT
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2y T 30 AZIM UTH 
F

KEY

-IT
M 4 8a TANK, M48, 90MM GUN, 4 TRUCK, UTILITY, 4 TON, 4 x 4, M38AI

FACING 45ORIGHT OF -LT'sTRE-TOTAKSD BY IE

GROUND ZERO 4 THE 1 O AKSD YSD
M48b~~~ TAKT4,9M U,~b TRUCK UTILITY, iTON, 4 x 4, M38 Al

SIDE ON SIDE ON, SAND BAGS BOTH SIDES

M48, TANK, M48, 90MM GUN, 2LT R TRUCK, CARGO, 21j TON, 6 x 6, M35 (REO)

FACING GROUND ZERO 2-LTG TRUCK, CARGO, 2-L TON, 6 x6, M 135 (GMC)

T97 15MM UN SEF-2i1T* 2Zi TON TRUCK, 6 x6, M 135 (GMC)
PROPELLED, T97 2 DESERT ROCK VEHICLE

M59 ARMORED INFANTRY 3 * TRUCK. 3/4 TON, 4 x 4,, M37, DESERT ROCK
VEHICLE, M59

I 5T TRUCK, DUMP, 5 TON, 6 x 6, M 51
,-T* TRUCK, UTILITY, W TON

4 x4, PLACED SIDE ON (9 VEHICLE FACING GROUND ZERO

BEHIND BUNKER -0 RIGHT SIDE OF VEHICLE TOWARD GROUND ZERO

QREAR OF VEHICLE TOWARD GROUND ZERO

Q.LEFT SIDE OF VEHICLE FACING GROUND ZERO

Fig. 2.12 - Field Layout, Shot 12 - Desert Line, Desert Rock Sector
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1700 FT.

2050 FT

3000FT M8c 97 ,M243000 FT b4 / .
M48 T97M24b

MC I/4T

3300 FT. M

3700 FT. V4 T

4000 FT. 
1/4 T 3/4 T

1850 AZIMUTH
KEY

M2 4 a TANK, M24, DESERT ROCK, FACING 1/4 T TRUCK, 1/4 TON (OLD TYPE)

GROUND ZERO, TURRET TO REAR MC TRUCK, 2-3 TON, MARINE

M24 b TANK, M24, DESERT ROCK, FACING CORPS VEHICLE

GROUND ZERO 3/4T TRUCK, 3/4 TON, 4 x 4. M37
M48a TANK, M48, 90MM GUN, FACING DESERT ROCK VEHICLE

450 RIGHT OF GROUND ZERO b VEHICLE FACING GROUND ZERO

M48b TANK, M48, 90MM GUN, LEFT SIDE ' RIGHT SIDE OF VEHICLE TOWARD
TOWARD GROUND ZERO, TURRET TO GZ -0 GROUND ZERO

M48c TANK, M48, 90 MM GUN, FACING ( LEFT SIDE OF VEHICLE TOWARD

GROUND ZERO GROUND ZERO

T97 155MM (UN, SELF-PROPELLED T97

Fig. 2.13 - Field Layout, Shot 13
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Chapter 3

RESULTS
Exposure of transport and combat vehicles was accomplished on a

total of nine shots. The damage received by the exposed equipment was
evaluated, and the displacements from reference stakes were measured.
These measurements were used to determine the center-of-gravity dis-
placements listed in this report. Overpressure versus time and dynamic
pressure versus time were determined through the use of self-recording
gages placed at vehicle stations. Where no gages were located at a
vehicle station or when the gages failed to function, pressure values
were derived from pressure-distance curves based on the pressure data
obtained on the shot. The pressure instrumentation and results are
discussed in detail in another report (Reference 11).

The results of jeep exposures on two blast lines over different
surfaces (asphalt and desert) were obtained for a small-yield weapon
(Shot 12, 23 KT). The Jeep exposures on other shots were under nor-
mal desert surface conditions.

The results of the study of shielding from nuclear radiation pro-
vided by the armored vehicles are contained in Appendix C. No diffi-
culty occurred in recovering the film packets shortly after each shot.

3.1 SHOT 1

The extent of damage to all ordnance equipment exposed in Shot 1
was light. All pieces of equipment were in condition such that they
were immediately combat usable. Maximum damage to vehicles was to the
sheet-metal components. Only two of the total number of items exposed
were turned over on their sides. The euipment was located in a static
pressure zone ranging from 5 to 24 psi. Because of the miss distance
of the intended ground zero, none of the vehicles were located directly
below the detonation point. The damage results long with the pressure
and displacement measurements are presented in Table A.l.

3.2 SHOT 2

As a result of Shot 2, most of the vehicles were turned over on
their side or upside down. The static-pressure zone to which the items
were subjected ranged from approximately 11 to 16 psi. Within the
region of exposure, damage to trucks varied from light to severe. Severe
damage was inflicted to the two 5-ton trucks. In Shot 1, the 5-ton
trucks were exposed at a static pressure level of 14.0 psi and a com-
puted dynamic pressure of 4.7 psi. In Shot 2, the 5-ton trucks were
exposed at a static pressure of 15.8 psi and a dynamic pressure of 24.8
psi. The trucks sustained light damage on Shot 1, whereas on Shot 2
they were completely dismembered. A precursor was positively evident
on Shot 2; however, on Shot 1 it is not certain that a precursor formed,
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since only peak pressures were obtained. Results of Shot 2 are tabu-
lated in Table A.2.

The roll-over safety bars, placed on the 2-1 ton and! ton trucks,
proved to be effective in preventing extensive damage to the bodies,
cabs, and controls of the vehicles.

3.3 SHOT 4

Of the 11 trucks exposed in Shot 4, nine were severely damaged and
two were moderately damaged. The 5-ton trucks on Shot 4 were located
in pressure zones expected to be less than those on the two previous
shots, Shot 1 and 2. These vehicles were severely damaged within
measured static-pressure values of 8.5 psi and 7.9 psi. The dynamic
pressures at the same locations were 4.1 psi and 6.9 psi, respectively.
The records of the pressure-time curves obtained indicate that a precur-
sor formed.

The two M48 tanks sustained light damage. Glass surfaces facing
ground zero were sand-blasted. The M59 sustained moderate damage, and
the T97 gun sustained light damage. The M59 re-iuired repairs to the
hull and internally mounted components for restoration to combat use.
The T97 was turned over and, when uprighted, the vehicle was operable
after replenishing the spilled battery acid and oil.

Displacement measurements, damage evaluation, and the pressure
measurements are included in Table A.3.

3.4 SHOT 5

The tank exposed in Shot 5 sustained light damage: this consisted
of the sights and vision devices facing ground zero being obscured by
sand-blasting. Damage evaluation, along with the pressure measurements,
is presented in Table A.4.

3.5 SHOT 6

The results of damage to the jeeps displayed on Shot 6 are tabu-
lated in Table A. 5. The damage results of the Marine Corps exposure
are also included in Table A.5. A comparison of the damage and dis-
placements of the Project 3.1 jeeps exposed on Shot 6 on each surface
is shown in Table 3.1.

Althouga the displacements on the asphalt line were appraimately
40 to 50 percent of the displacements on the desert line, there were
no apparent differences in damage between the two lines. The compari-
son of displacements was made for the side-on orientation only.
Maximuim damage sustained on the asphalt line or desert line was modera*.
From the pressure-time records obtained, the precursor shock extended
farther on the asphalt line than on the desert line.

3.6 SHOT 8

In Shot 8 the yield realized was lower than expected. Consequently,
the damage to items exposed was light. The results of Shot 8 are pre-
sented in Table A.6.
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3.7 SHOT 9

Although all vehicles exposed in Shot 9 sustained severe damage,
the vehicles nearest to actual ground zero received less blast damage
than those at greater distances. The vehicles near ground zero re-
mained intact, while the vehicles at 780 and 1,000 feet were dismembered.

Because of the high level of thermal radiation near ground zero,

TABLE 3.1 - RESPONSE RESULTS, SHOT 6

KEY: SO side-on: FO front-on

Ground Pressure
Range Orientation P Pd Damage Displacement
(ft) (psi) (psi) (ft)

Desert Line

1800 so 12.2 6.1 Moderate 108.0
1800 FO 12.2 6.1 Moderate 66.0
2000 so 11.2 5.5 Moderate 37.3
2000 FO 11.2 5.5 Light 11.9
2300 so 9.4 3.0 Light 14.9
2300 FO 9.I 3.0 Light 6.6
2550 so 7.4 2.2 Light 11.8
2550 FO 1 '. 4 2.2 Light 8.5

Asphalt Line

1800 SO 6.2 5.7 Moderate 66.0
1800 FO 6.2 5., Moderate 44.0
2000 so 6.6 5.5 Light 18.8
2000 FO 6.6 5.5 Moderate 5.3
2300 so 8.0 .8 Light 11.9
2300 FO 8.0 2.8 Light 3.5
2550 so 9.3 2.0 Light 5.5
2550 FO 9.3 2.0 Light 1.6

considerable thermal damage was experienced by two of the vehicles.
Damage evaluation of the items exposed on Shot 9 are presented in Table
A.7.

3.8 SHOT 12

A comparison of the damage and displacements of the Project 3.1
jeeps exposed on Shot 12 on each surface is shown in Table 3.2. The
pressure measurements are also included. In general, damage and dis-
placement on the desert line were greatest, and on the asphalt line
they were least. Except for the high thermal damage on the asphalt line,
eight of the vehicles remained intact, although on the desert line
seven were completely dismembered. On the water line, four of the
vehicles were dismembered. The high thermal damage resulted apparently
from the asphalt surface being ignited and the sustained fire spreading
to the vehicles.

Of the D&PS vehicles located in the Desert Rock sector, many were
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TABLE 3.2 - RESPONSE RESULTS, SHOT 12

KEY: SO side-on; FO front-on

Ground Pressure
Range Orientation Ff d  Damage Displacement
(ft) (psi) (psi) (ft)

Desert Line

2000 so 9.8 40.0 Severe 650.0
2000 FO 9.8 40.0 Severe 575.0
2250 so 5.9 20.0 Severe 780.0
2250 FO 5.9 20.0 Severe Dismembered
2500 so 7.0 11.3 Severe 165.0
2500 FO 7.0 11.3 Severe 186.0
2750 so 7.3 7.7 Severe 264.0
2750 FO 7.3 7.7 Moderate 94.0
3000 so 7.9 1.1 Moderate 44.0
3000 FO 7.9 1 . . 1 Light 5.7

Water Line

2000 so 25.7 35.0 Severe 370.0
2000 FO 25.7 35.0 Severe 360.0
2250 so 12.0 28.3 Severe 337.0
2250 FO 12.0 28.3 Severe 300.0
2500 so 12.9 10.0 Severe 576.0
2500 FO 12.9 10.0 Severe 290.0
2750 so 13.0 4.0 Moderate 255.0
2750 FO 13.0 4.0 Light 28.8
3000 so 10.0 2.6 Light 38.5
3000 FO 10.0 2.6 Light 10.8

Asphalt Line

2000 so 21.3 16.1 Severe 223.0
2000 FO 21.3 16.1 Severe 234.0
2250 SO 10.5 10.2 Severe 193.0
2250 FO 10.5 10.2 Severe 136.0
2500 so 8.0 8.5 Severe 75.0
2500 FO 8.0 8.5 Severe 64.0
2750 so 5.8 6.4 Moderate 146.0

2750 FO 5.8 6.4 Moderate 13.3
3000 so 5.8 1.7 Light 3.3
3000 FO 5.8 1.7 Light 1.8

Desert Rock Sector

2000 so 15.0** 32.0*- Severe 265.0
2250 so 12.0* 16.0** Severe 177.0
2500 so 10.5 11.5** Severe 71.0
2750 SO 9.0"* 7.3** 1 Moderate 38.8

** Estimated: average of Desert Line and Asphalt Line
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severely damaged. The jeep which had sandbags placed on each side was
severely damaged, and the jeep placed behind the sand bunker sustained
little damage. Both the T97 and the M59 were overturned and required
field maintenance for restoration to combat use. Little damage was
inflicted to the M48 tanks, located at the same distance. The damage
evaluations are given in Table A.8.

3.9 SHOT 13

Wheel vehicle damage varied from light to severe on Shot 13. The
ground on which the vehicles were placed was unusually soft and sandy,
compared to other shot locations. This helped minimize the damage when
the vehicles were overturned and displaced along the ground.

The armored vehicles received the most-severe damage of the
operation. The two M48 tanks originally presenting a side surface to
the blast were overturned, whereas the M48 facing ground zero remained
upright and sustained lighter damage. The T97 facing ground zero was
displaced rearward, but did not overturn and was not severely damaged.
The spade on the T97 was initially up and fell just before the vehicle
stopped moving rearward in the blast wave. If it had been down initially,
the T97 probably would have been overturned and severely damaged. The
two Desert Rock M24 tanks provided useful damage information. The
tank at 1,700 feet was severely damaged. The gun and turret were
separated from the hull and displaced several hundred feet. The M24
at 3,000 feet sustained only light damage.

Damage to the tanks and wheel vehicles is further described in

Table A.9.
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Chapter 4

DISCUSSION
The exposure of tansport and combat vehicles under Project 3.1

and the D&PS program yielded considerable data describing the response

of the equipment to varied yields and surface conditions. Because of

pressure levels required to produce significant damage to the equip-
ment, most of the exposures were made at ground ranges which placed the
equipment in the precursor zone. A wealth of data were obtained for

the 1/4-ton' truck, in particular, within this zone.
All of the transport vehicles exposed in this series of shots were

similar in their susceptibility to damage. The larger weight of the

5-ton dump truck apparently was compensated for, damagewise, by the
larger size and the different attachment of the cargo body. The combat
vehicles differed in the degree of their response according to size and

weight. The M59 was displaced farther than the T97 at the same ground

range, although the two usually received the same degree of damage. The
M48 tanks, of course, were more resistant to movement and damage. On

Shot 12 -- where the M48 tanks, M59, and T97 were exposed at 2000 feet
--- the maximum displacement was about 13 feet for the tanks, 141 feet
for the M59, and 48 feet for the T97. Both the M59 and the T97 were

overturned, while all tanks were upright. The tanks experienced light
damage, the M59 and T97 moderate.

The orientation and freedom of movement of the vehicles were ob-
served to affect the resulting damage considerably. On Shot 4 the T97
exposed front-on with brakes on was overturned and received moderate

damage. On Shot 12, exposed alongside the tanks in rear-on orientation,
with brakes on, the T97 was overturned and experienced moderate damage,
while the tanks received light damage. On Shot 13, the T97 again ex-

posed alongside the tanks in front-on orientation with brakes off and
transmission disengaged, was merely displaced rearward, receiving light
damage. Two of the tanks at the same ground range were displaced con-

siderable distance and suffered moderate damage.
The M59 exposed on Shot 4 alongside the T97 in front-on orientation

with brakes off was displaced rearward with no overturning, but it

received moderate dnmage nevertheless. An extreme example of freedom

of movement was exhibited by 1/4-ton truck No. 9 exposed side-on at
2,750 feet on the water line of Shot 12. This jeep skidded from side-on

to roughly front-on orientation and traveled 255 feet without over-

turning. It suffered moderate damage only because it struck another

jeep at the end of its travel.

The results imply that vehicles that may be under attack should

be left free to move, provided collision with surrounding objects (and

assuming level ground) will not present a greater hazard.

Significant fire damage usually was accompanied by overshadowing

blast effects. On Shot 9, wires, instruments, seats, and body metal

were affected. On Shot 12 on the asphalt surface, severe damage was

induced apparently by burning asphalt.
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4.1 RESPONSE OF 1/4-TON TRUCKS ON DESERT, ASPHALT, AND WATER SURFACES

IN THE PRECURSOR ZONE

Shown in Figures 4.1 and 4.2 are plots of the damage sustained by

vehicles on a dynamic pressure versus distance curve for Shots 6 and
12. Where the degree of damage differed for orientation, (face-on and

side-on) at each location it is so noted on the curves by use of sub-

scripts SO and F0. Two surfaces, desert and asphalt, provided a com-

parison of damage on Shot 6 while on Shot 12, three surfaces, desert,
asphalt and water, provided a comparison of damage. On both surfaces

of Shot 6 damage to the jeeps was about the same. However, the jeeps

were not located well within the precursor zone and no comparison over

the total range of damage was obtained. On Shot 12, the degree of

damage was not too greatly different over the three surfaces. Examina-

5S -0 Q DESERT LINE

' --- + ASPHALT LINE

MFO ,"
V) LSO

cr
01.

CL

z
o

1000 2 4 6 8 10

GROUND RANGE (FT.)

Fig. 4.1 Plot of Danage to 1/4-Ton Trucks on a Dynamic
Pressure-Distance Curve, Shot 6

tion of the curves indicates a dynamic pressure of about 9 psi is

required to cause severe damage to jeeps. Also, on the desert line at

the 5000 foot station, the moderate damage to the side-on vehicle along

with the large displacement noted implies that this value of dynamic

pressure possibly is too low.

Plots of displacement versus ground range (which has been scaled

using the following relation) are shown in Figures 4.3 and 4.4.

5d2  (1)0.4 (4.1)d2
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wh-r: 3 7a1Ing factgr t9 rediuce Ix'rnz-d ranrfe fThr a g ren
d -- dwcge or dloplac(emaent t% i r at zea Ievel.

W, Yi~eld (rT)

The values are given in Tables 1.2 and 4.5.

The scoalrig, factor is asozired t. reduce the data to a conirion basic
for cor, rioni. 'Ale selection of tbis factor for soaling damage aryl dis-
placocient is discussed in 8ectioni 4.3. Tbr yields and socaling factrs fcr
shots oi' interest are given in T'able 4.1.

Sd andi di are the standard scaling fact x s for reducing pre..u.e

pp d
and distance to i YT at zea lvl

3 =(P /14-7) a/ l/;q)l/3
d o )0i1

where: W = Yield (YT)

P = Ambient pressur'e at burst height (psi)

A variation in response occurred on the different surfaces for
Shot 12. Greatest displacement occurred on the desert line, while on
the asphalt line less displacement and breaking of the jeeps was ex-
perienced. On the Desert Rock Sector line, halfway between the desert
line and the asphalt line, the displacement and final conditions of the
jeeps were similar to the asphalt-line results (discounting the effects

of fire). The desert surface in the Desert Rock Sector appeared to be
essentially the same as that on the desert line. The difference in

response for these two desert lines on the same shot indicates some
difference in the character of the blast wave. This is also indicated
by the different wave shapes recorded on the 2,500 foot circle of

pressure gages (Reference 11).

The response on the desert surface of Shot 6 is also higher than
that on the asphalt surface. The curve for the desert line on Shot 6
apparently matches the desert line curve for Shot 12. Shot 6 asphalt
line results are higher for both orientations than the asphalt and

Desert Rock Sector lines of Shot 12.
The displacements on the water line of Shot 12 are closer to the

results on the desert line than those on the asphalt and Desert Rock
Sector lines. Distortion of the wave forms was certainly less on the
water line than on the desert lines, but whether the blast wave was
clean and larger displacements correspond to those of an ideal wave, or

whether the blast wave was water-laden to the extent that larger dis-

placements occurred, is questionable.
The greatest variation in response occurs on the same shot on the

same type of surface3 i.e., Shot 12, desert and Desert Rock Sector
lines. This my indicate that the effects of surface variation on the
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LiO;t ,:jfl.y, br, I 1, rI I; p,:t t oh I, th r i*nkfreIrri f'j'cotrjrc, Me
b ',; t ,;av, Ifa7 ii,: ;e zti t," r.ufa , fjri!rj ,,,: l~id ;Jt~ n the

': nt 7 ~'f tho bowe!r 'wnr; t r,n;1t> l in th- shock path, ouch az
4h,; Iiz 2t oxTh f.1ci 'mpi'qrI'!nrt; ariJ y'nhez on 3hrit 12.

Trfi .rC'')fl' raJnr"'; f'Qr 'Jr,!rved' VaI 1J';; 'f dllzplacnrfnt and dauge

wIr' sca %,' 1-1nrI Er,. 4. 1 1'o"r ,il T POI0T ;hot: a, nd shots of previous
~por,,utIonz f-r which dita i wre o, ilabl. Tr! results are given in

TA3LE 4.1 SHOT PAPJj,0fEY<3 MIID SCALInG FACTORS

'hot Yield HOB A-Sceled P S P Sd2
YT ft. lce (ft) o p °d2

1 1.16 761 682 8a46 1.197 o.8 965 o.9424
2 2.59 50 213 871 1.165 0.7112 0.7059
4 45.0 590 15 854 1.186 0.2696 0.2222
5 5.61 500 i86 872.P 1.161 0. 6205 o. 5984
6 7.76 500 240 871.0 1.163 o. 40.4 0.4407
8 1i.2 500 195 854.1 1.186 o. -5901 0. 460

9 5.16 759 475 8149 1.195 O. 6425 0. 65.10
12 22.0 400 157 895.1 1. i2 0.5425 0.2904
15 25 155 855.5 1.184 0.5 094 0.2619

UK-2 24.5 500 98.0 860 1. 17e 0.3264 0.2782
UY5-u 25.o 5o 10o 852 1.189 0.5520 0.2853

DLK- 7 45. 5 300 81.0 860 1.178 0.2706 0.2222
UK- 27.0 500 95.0 864 1.172 0.5163 0.2676
UK-IO 14.9 524 204 8b4 1.146 0.5 85 0.3402

T-6 l.4 500 l26 858 1.181 0.4204 0.3778
J-s 1.05 0.0 0.0 871.5 1.162 0.9350 0.8228
J-U 1.05 -17.0 -17.0 872 1.162 0.9350 0.8228

Tables 4.2 and 4.5. Numbers only identify TEAPOT shots, UJK indicates
UPSHOT-Yi0ThOLE, T denotes TTME2LER, and J denotes JANGLE.

Dala for shots of less than 400 feet scaled height of burst (HOB)
are sho' n in FIgures 4.5 and 4.6. A definite band is produced for each
orientation. Maximum scatuer occurs for the two desert lines on Shot 12.

The mismatch of the curves for Shot 6 and Shot 12 in Figures 4.3
and 4 .4 and the position of points in Figures 4.5 and 4.6 may change if
the scaling factor of Eq. 4.1 is inaccurate. No definite decision is

indicated, for in Figure 4.5 the placement of points on all the shots

falls within the scatter for the two desert surfaces on Shot 12.

4.2 CORRELATION OF DISPLACEM4ENT AND DAMAGE WITH BLAST PAAvPETERS

Dynamic pressure gages or pressure-time gages were placed at
almost all vehicle stations during Operation TEAPOT. The dynamic-

pressure-time curves have been integrated, and values of the peak dy-
namic impulse were available, as well as the peak dynamic pressures.

An investigation of the correlation of peak dynamic pressure and peak

dynamic impulse with displacement and damage was attempted. The data

are given in Table 4.4. P denotes peak dynamic pressure and I d

denotes peak dynamic impulse.
The correlation coefficients and the correspondong 95-percent-
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TABLE 4.2 RESPONSE DATA FOR 1/4 TON TRUCK
IN SIDE-ON ORIENTATION

A Sealed Ground Ground Displace-
Yield HOB Range Range ment

Shot K2 ft. ft. IFTSL ft. Darmage

1 1.16 682 1280 1206 2.5 L
1780 1677 2.0 L

1980 1-866 0.51 L
1995 1880 0.65 L
2005 1890 0.53 L

1410 1529 0.75 L
1420 1.538 0.88 L
1450 1348 o.46 L

640 6o5 9.5 L
520 302 2.0 L
410 386 5.5 L

2 2.59 213 1500 1059 6.1 L
1500 1059 6.2 L
1350 953 10.4 L

4 45.o 135 5700 822 96.0 1
3380 751 158 MS

3580 751 209 S
3000 667 295 S

6 7.76 240 DL-1800 793 108 M
2000 881 37.3 M
2300 1014 14.9 L
2550 1124 11.8 L

AL-1800 793 66.0 M
2000 881 18.8 L
2300 1014 11.9 L
2550 1124 5.5 L

8 14.2 195 296o 1024 12.9 L
3250 1125 10.1 L

3700 1280 0.8 L
2850 986 9.0 L

9 3.16 475 112 71 1.5 S
236 149 5.4 S
467 295 110.0 S
380 240 68.0 s
773 488 124.0 s

1022 645 106.0 S

12 22.0 137 DL-2000 581 650 S
2250 653 780 S
2500 726 165 S
2750 799 264 S
5000 871 44.0 M

AL-2000 581 225 S
2250 653 193 S
2500 726 75.0 S
2750 799 46.0 M

51

SECRET



TABLE 4.2 RESPONSE DATA FOR 1/4 TON TRUCK

IN SIDE-ON ORIENTATION (Cont'd)

A Sealed Ground Ground Displace-
Yield ROB Range Range ilent

Shot FT ft. ft. irfI. L ft. Dalage

50)00 871 5.5 L
WL-2000 58] 570 S

2250 651 557 S
2500 726 516 S
2750 799 255 M
5000 871 58.5 L

DRS-2000 581 265 S
2250 655 177 S
2500 726 71.0 3
2750 799 58.8 M

13 28.5 155 4ooo 1048 21.5 L
700 969 26.9 L
300 864 52.9 M
5000 786 145.o S

UK-7 43.0 81 4500 1000 - MS

TJK- 5 23.0 100 1740 496 500 S
5075 877 40.0 MS

UK-iO. 14.9 204 1130 384 Dem S
1600 544 Den S
1920 653 312 S
2415 822 72.0 S
2770 942 17.7 L
438o 149o 0.5 L
1500 510 600 S
1500 510 300 S
6ooo 2o41 0 L
7500 2552 0 L

T-6 11.4 1.26 600 227 450 S
1650 623 150 5

T-6 11.4 126 2700 1020 - L
5100 1927 - L

is 1.05 0 500 247 200 S

6oo 494 10.0 M
1200 987 L
1900 1563 L
2400 1975 L
3000 2468 L

JU 1.05 -17 300 247 S
6oo 494 M
900 741 L

1200 987 0.5 L
1900 1563 L
2700 2222 L
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TABLE 4. - Paraters Used in Correlation Test for
i/4-ton Truck in O1de-on Orrintation

Gr)und I d
Shot Item Range Pd (p1i- Displacement Deaage

No. (ft) (poi) moec) (ft)

2 6 1550 1.7 275 lo.4 L
1 1500 D.2 250 6.1 L
2 1500 5.2 250 6.2 L

4 D.R. 3000 6.9 1695 295 S
5 5380 4.1 950 209 S
4 5380 4.1 950 138 MS

3 5700 3s! 610 96 M

6 D.L. 55 1800 5.7 583 108 M
56 2000 4.3 442 37.5 M
43 2300 2.8 217 14.9 L
40 2550 2.0 501 11.8 L

6 A.L. 42 1800 5.9 1091 66 M
18 2000 3.8 574 18.8 L
37 2300 2.0 166 11.9 L
,8 2550 1.0 285 5.5 L

8 D.R. 2850 1.7 235 9.0 L
32 2960 1.5 215 12.9 L

54 3250 1.1 95 1O.1 L
27 3700 0.8 41 0.8. L

9 45 380 31.3 642 68 S
47 773 19.0 1009 124 S

12 D.L. 23 2000 4o.o 8738 650 S
31 2250 23.0 5506 780 S
15 2500 11.3 2811 165 S
12 2750 7.7 1745 264 S
17 3000 1.1 174 44 M

12 A.L. 46 2000 16.1 2890 223 S
28 2250 1o.6 1131 193 S
50 2500 8.4 1457 75 S
40 2750 6.4 824 46 M

8 3000 1.7 274 3.3 L

12 W. L. 26 2000 35.2 4156 370 S
32 2250 28.0 3548 337 S
4 2500 10.5 1800 516 S
9 2750 4.1 965 255 M
6 3000 2.6 469 38.5 L

13 33 3000 11.0 1530 145 S
35 3300 75 1100 32.9 M
11 3700 2.2 725 26.9 L
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confidence limits were completed for (Pd' displacement) (I d, displace-
ment), and (Pd, Ia). The coefficients and limits are as follows:

(Pd' displacement), R 1  0.68, o.46 rI 1 0.82

(Id, displacement), R2  = 0.86, 0.75 S r2  0.95

(Pd' Id) R3 = o.83, 0.70 ! r3 S 0.91

where: R1, R, and R are the correlation coefficients for the sample
data and r r and r re the correlation coefficients of the parent
population. Te confidence limits indicate the possible range of the
correlation coefficient for a large number of data points.

These values indicate a high degree of linear association between
the paired variables. The correlation coefficient R is the largest,H2
although the confidence limits are so broad that there is no conclusive
distinction between the correlation of dynamic pressure with displace-
ment and the correlation of dynamic impulse and displacement.

A standard Chi-square test was performed between the variables
(Pd' Damage), (Id, Damage) and(Displacement, Damage). The hypothesis

subject to test was that a relation (not necessarily linear) existed
between the paired variables. The computed values of X 2 were as
follows:

(Pd' Damage) - X 0 57.4

2

(Ia Damage) - X = 45.7

(Displacement, Damage) - X 432

The value of I (with 39 degrees of freedom) at the 5-percent-
confidence level is 54.6 at the 50 percent confidence level is 43.1.
Thus, the probability of an association between dynamic pressure and
damage is larger than 0.95, and the probability of an association be-
tween dynamic impulse and damage, and displacement and damage is between
0.7 and 0.8. Of course the existence of a relation between the varia-
bles was expected. The significance of the test is that a more definite
association exists between dynamic pressure and damage than the other
variables tested. The indication is that dynamic impulse correlates
with displacement to a higher degree than dynamic pressure, while
dynamic pressure has a stronger relation to damage than dynamic impulse
or displacement. The size of the data sanple and the range of the
confidence limits prevent positive conclusions.

4.3 VARIATION OF DAMAGE GROUND RANGE WITH YIELD

An objective of Project 5.1 was to investigate the effect of the
positive phase duration on the damage produced by a shock of given
peak overpressure and peak dynamic pressure. For the ideal blast wave,
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TABLE 4.5 - Comparison of Damage from Shot 1 with Predicted Damage

Scaled Pd Degree* Predicted Predicted
iDistance (psi) of Degree* of De-ree*of

(I T-S) Damage Damage Damage
(TM 23-200) (WT-735)

1/4-ton Truck (old type) 280 1.8 L S L

1/4-ton Truck (old type) 559 2.6 L S M
!/4-ton Truck (old type) 376 2.7 L S M
!/4-ton Truck (old type) 402 5.0 L S M
1/4-ton Truck (old type) 481 3.6 L S S
1/4-ton Truck (old type) 560 4.2 L S S
Arm. Inf. Vehicle M59 742 4.7 L L L
155 SP T97 763 4.7 L L L
5 Ton Dump M51 770 4.8 L S M
5 Ton Dump 451 800 L.7 L S ll
5 Ton Dump M51 918 4.0 L 14 11
5 Ton Dump 151 962 3.6 L 1 IM
!2-1/2 Ton Cargo (REO) 1006 3.3 L L M
2-1/2 Ton Cargo (RE0) 1015 5.2 L L M
2-1,2 Ton Cargo (REO) 1032 3.1 L L M
2-1/2 Ton Cargo (GlIC) !102 2.6 L L 14
1/1 Ton Truck (old type) 1120 2.5 L L M

2-1/2 Ton Cargo (GMC) 1128 2.5 L L M
1/4-ton Truck (old type) 1137 2.5 L L M

2-1/2 Ton Cargo (GC) 1155 2.5 L L M
1/4 Ton Utility (158A1) 1233 1.9 L L L
1/4 Ton Utility (438A1) 1242 1W9 L L L
1/4 Ton Utility (M58A1) 1251 1.9 L L L
2-1/2 Ton Cargo (REO) 1260 1.8 L L L
2-1/2 Ton Cargo (REO) 1295 1.7 L L L
2-1/2 Ton Cargo (RE0) 108 1.6 L L L
2-1/2 Ton Cargo (GMC) 1321 1.6 L L L
2-1/2 Ton Cargo (GMC) 1338 1.5 L L t
2-1/2 Ton Cargo (GMC) 1 1351 1.5 L L L

1/4-ton Truck (old type) 1539 0.96 L L L
1/4-ton Truck (old type) 1557 0.95 L L L
1/4-ton Truck (M38A1) 1732 0.6 L L L
1/4-ton Truck (M38A1) 1745 0.6 L L L
1/4-ton Truck (M38A1) 1754 0.6 L L L

* L, light; m, moderate; S, severe.
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normalized wave shape would remain the same, and the positive phase
duration would increase as the cube root of the yield. During Operation
TEAPOT, most of the damage data was obtained in the precursor zone,
where peak pressures, wave shapes, and durations varied in no clear
pattern. Thus, a more-direct approach was required. The ultimate ob-
jective of such an investigation is a description of the variation of
the damage radi. as yield is changed.

Using actual ground range for each degee of damage observed on
the various shots, Figures 4.7 and 4.8 were prepared. The data are
given in Tables 4.2 and 4.3. Most of the data plotted are for scaled
heights of burst less than 400 feet, since above this value ground
ranges for blast parameters change rapidly. Shots 1 and 9 are shown
in the figures; however, little data are available for low-yield shots.

In each figure lines were drawn by eye providing the best division
between severe and moderate zones of damage. The solid line in both
figures represents the slopes of the line when the height of burst
effect on blast wave parameters is not considered. Above a scaled
height of burst of approximately 500 feet and surface bursts the pre-
cursor phenomena increasing the flow characteristics behind the blast
waves is minimized. Furthermore, above a scaled height of approximately
500 feet the drag forces tending to cause translational motion associa-
ted with severe or moderate damage to vehicles are not realized. This
is apparent in the case of Shot I, Operation Teapot where maximum
damage sustained was light. The slopes of the solid lines for side-on
and face-on orientations of the vehicles was found to be about 0.*9.
However, the drawing of these lines was governed mainly on the effects
obtained in the Jangle shots whereby the data is limited.

Considering the height of burst effect on blast wave parameters
the dashed curves were drawn which have slopes of about 0.40 for both
side-on and face-on orientations. The controlling data points for
drawing the line were for scaled burst heights between 80 feet and 500
feet. The value of 0.4 obtained a&ees with that given in TM 25-200
(Reference 7).

4.4 COMPARISON OF DAMAGE WITH RESULTS OF PREDICTION TECHNIQUES

The damage results of the nine shots in which equipment was exposed
by Project 3.1 or D&PS are tabulated for comparison with predicted
damage in Tables 1.5 through 4.15. The scaled distances were obtained
using the relation given in Eq 4.1 and are compared with the predicted
ground range for each specific degree of damage given by the damage chart

for vehicles in TMi 25-200 (Reference 7).
The exponent 0.4 is used, since there is a part of the prediction

technique described in T1%,M 23-200 (Reference 7). The scaled distances
obtained for each specific damage are compared with predicted ground
range given by the damage chart, for vehicles in TM 23-200 (Reference
7).

Except for Shots 1 and 6, the agreement between actual damage and
predicted damage is good. In Shot 1 the disagreement between actual
and predicted damage is within the regular reflection region. In this
region, damage effects are due primarily to shock loading; the curves
are not well established, because of lack of experinental data. On
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TABLE 4.6 - Comparison of Damage from Shot 2 With Predicted Damagoe

Scaled Pd Degree* Predicted Predicted
Item Distance of Degree* of DegCree of

(I KT-L) (psi) Damage Damage Damage
(TM 23-200) (WT-735)

5-ton Dump M51 629 24.8 S S S
5-ton Dump M51 703 11.2 S S S
2-1/2 ton Cargo (RE0) 803 4.8 M M-S M

2-1/2 ton Cargo (REO) 80 4.8 L M-S M
2-1/2 ton Cargo (GMC) 803 4.8 m M-S M
2-1/2 ton Cargo (GMC) 904 5.7 L H M
2-1/2 ton Cargo (GMC) 904 3.7 L M M

2-1/2 ton Cargo (RE0) 904 3.7 L M M
1/4 ton Utility (M38A1) 904 5.7 L M S
1/4 ton Utility (M38AI) 1004 3.2 L L M
1/4 ton Utility (M38A1) 1004 3.2 L L M

* L, light; M, moderate; S, severe; MS, moderate-severe.

TABLE 4.7 - Comparison of Damage from Shot 4 With Predicted Damage

Scaled Pd Degree* Predicted Predicted

Item Distance (psi) of Degree* of Degree*of
(I KT-SL) Damage Damage Damage

.(TIM 23-220) (WT-733)

Arm. Inf. Vehicle M59 496 34.3 m M M
155 S. P. T97 496 34.3 m M M
2-1/2 ton Cargo (GMC) 633 6.9 s S M-S
2-1/2 ton Cargo (GMC) 633 6.9 s S M-S
2-1/2 ton Cargo (REO) 633 6.9 s S M-S

5 ton Dump M51 633 6.9 s S M-S
5 ton Dump MM5 1 713 4.1 S S M
2-1/2 ton Cargo (GMC) 713 4.1 M S M
2-1/2 ton Cargo (RE0) 713 4.1 S S M
2-1/2 ton Cargo (REO) 713 4.1 S S M

1/4 ton Utility (M38A1) 713 4.1 s S S
1/4 ton Utility (M38A1) 713 4.1 M-S S S

1/4 ton Utility (M38Al) 781 3.1 M M-S M

Tank 90 mm Gun M48 781 3.1 L L L

Tank 90 mm Gun M48 781 3.1 L L L

* L, light; M,,moderate; S, severe; M-S, moderate-severe.

TABLE 4.8 COMPARISON OF DAMAGE FROM SHOT 5 WITH PREDICTED DAMAGE

W

TankH 90 0 Gun M(D71 9

-H ~ 0 Q) bSo a ,
Item 0 to* 4 ) 0J 4.)

f'0 ad1

Tank 90 mmGunlM 48  771 9.6 L L L

*L - Light
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Shot 6, the damage for the values of dynamic pressure measured was
small. However, these peak values of dynamic pressure correspond to
short duration spikes on the pressure-time record and, although
apparently real, account for the higher values of damage predicted
using the measured peak pressures.

4.5 DAMAGE EFET OF SHOCK LOADING

The effect of predominantly shock loading in the regular reflec-
tion region is indicated by the results obtained from Shots 1 and 9.
Close to ground zero, where the horizontal component of dynamic pres-

TABLE 4.9 COMPARISON OF DAMAGE FROM SiOT 6 WITH PREDICTED DAMAGE

d,. - 0 0 0 N 0 .

Item W53 W14 0 oCQ .5t -

Asphalt Line

3/4-ton Utility (old type) 793 5.9 M S S
1/4-ton Utility " 793 5.9 M S S
1/4-ton Utility " 881 3.8 L M L
1/4-ton Utility it 881 3.8 M M L
1/4-ton Utility lO14 2.0 L L M
L/4-ton Utility " 1014 2.0 L L M
L/4-ton Utility " 1124 1.0 L L L
1/4-ton Utility 1124 1.O L L L

Desert Line

1/4-ton Utility (old type) 795 5.7 M S S1/4-ton utility ,' 7935 .7 M S S
i/4-ton Utility " 881 4.3 m M S
1/4-ton Utility .. . 881 4.3 L M S

L/4-ton Utility 1014 2.8 L L M
/4-ton Utility " 1124 2.0 L L L
/4-ton Utility 1124 2.0 L L L

*L - Light; M - Moderate; S - Severe

sure was small (as shown by the small displacements), the entire jeep
evidenced a crushing action. A 1/4-ton truck on Shot 9 (Vehicle No. 4)
remained upright but received severe dinage. The fuel tank was crushed,
body bent, floor bent, radiator top tank crushed and core punctured,
carburetor air inlet horn crushed, lights, wiring and instruments blon
out. Another truck (Vehicle No. 42) also indicated the crushing and
bending of shock loading to an extent that severe damage occurred. The
thermal radiation burned all wires, scorched seats, instruments, and
body metal, but the damage inflicted by blast was severe independent
of the thermal action. Measured peak pressure values at ground level
were 78 psi and 59 psi for these vehicles, respectively.
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TArBLE 4.10 COMPARISON OF DAMAGE -OM SHOT ,) WITH PREDICTIJG DAM AGE

Item .P - 4 0 a Cj ,q1-4 U)4 ) ra) 4 r

Q, 1) 0 1

rm Inf. Vehicle M59 652 4.f L L L
155m SP T97 652 4.8 L T L
Tank 90mm M48 L47 2.2 L 1 L
Tank 90mm M148 847 2.2 L L L
Tank 90mm m14b 647 2.2 L L L
1/4 -ton Utility** , 1 1.7 L 14
5/ 4 -ton Cargo- M57 911 1. 7 M M, L
i/4 -ton Utility (old type) 947 L. 5 L L 1
l/4 -ton Utility 947 i.;5 L L L
1/4-ton Utility 1059 f. 1 L L
i/4 -ton Utility 1059 1.1 M L L
1/4-ton Utility 1165 O.8 L T L

1/4 -ton Utility 1.!!5 O.8 L

1/4-ton Utility " 1459 0.5 I T 1
2-1/2-ton CarGo GMC** 1459 0.5 L L L

•* Desert Rock Vehicle
L L - Tight; M - Moderate

TABLE 4.11 COMARISOM OF DAIAGE FROM SHOT 9 WITH PP)ICTLNG D.*,AGE

Item 0 o*

1L1 4- 4 njt'a m em o~ o' o o

r) ) d 0) H -

1/4-ton Utility (old t ,pe) 71 - S S S
l/4 -ton Utility 149 - S S S
1/4-ton Utility 240 31.3 S S S
1/4-ton Utility " 295 29.0 S S S
1/4-ton Utility . . 488 19.0 S S S
1/4-ton Utility 48& 19.0 S S S
1/4-ton Utility 6 545 1.0 S S S

* S - Severe
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A different type of expooox'e to ohock ioaginr ,'ao experience1 ly
the i/-(ton tvck behind the earth minol-n on ",hot 12. The Jeep waz
apparently ab]iot campletely ohielded froq drag forces anxd, hence, , aO

lubjrcted Tisnly to the diffracted shoc] aind the utatic pressure field
E:;timated free-otrer ovrerpreoruire wa 15 poi. Vio dauiere occured.

The recvt, of theze choto indicate tht an incident shock of
abovut 25 pzi overpreccure in the regu-1ar reflection region ic required
to produce si&qificant danayge to jeepc -Crm chock loading only. In
the Mach region, where the jeep ic chiielded frmi flow, the -ralue ic

TABLE 4..12 - C(jmpazricon of Damage fr.om Shot 12
with Predicted Damage

Degre* Preicted Predlicted

Item Delae Pd  f Dere of Degree*of
(I KT-SL (p-) Damae Damage Damage

I -(TY, 23-200) (WT-753)

Asphalt Line

1/4-ton Utiiity (old type) 58i 16.l 3 S S

i/4
-ton Utility 581 16. SS S/4-toDn Utiliity .. . 65 10.6 S S S

1/4-ton Uti lity 655 1o.6 S S S
1/4-ton utility 726 8.4 3 S S
.4 -ton Utility " " 726 8.4 S

1/4-ton Utility 799 6. 4 1 S S
7/4-ton Utility 799 6. 4 M S S
1/4-ton Utility 871 i. 7 L 14 L
1/ 4

-ton Utility 871 1. 7 L 14 I L

Water Line

1'4-ton Utility (old type) 571 35.2 S S S

1/4-ton Uti-ity 581 35.2 S S S

1/4-ton Utility 653 28.0 S S S
1/4 -ton Utility 653 28.0 S S S
1/4-ton Utility 726 10.5 S S S
1/4 -ton utiiity . 726 10.5 S S S
!/4-ton Utility 799 4.i 14 S S
1/4 -ton Utility " " 799 4.1 L S S
!/4 -ton Utility 871 2.6 L M M
1/4 -ton Utility . 871 2.6 L I M I M

Desert Line

1/4-ton Utility(old type) 58- 4o.O S S S
1/4 -ton Utility " 581 40.0 S S S
1/4-ton Utility . 653 23.0 S S S

1/4-ton Utility " 655 23.0 S S S
1/4 -ton Utility . 726 -11.3 S S S
1/4-ton Utility " 726 il.3 s S S
l/4-ton Utility " 799 7.7 S S S
1/4-ton Utility 799 7.7 M S S
i/

4
-ton Utility 871 1.1 M M L

1/4-ton Utility . . 871 1.1 L M L

* L - light; M- moderate; S - severe.
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TABLE 4.12 - Comparison of Damage from Shot 12 with
Predicted Damage (Cont'd)

Scaled P Degree* Predicted Predicted

Distance d of Degee* of Degree* of

(1 T-SL) (psi) Damage Damage Damage
(04 23-200) (WT-733)

Desert Rock Sector

Tar 90 rm G1un 1448 581 32 L M 14
Tank 90 ma Gun 1448 581 32 L M M
Tank 90 mi Gun 144P 581 32 L 14 M
Arm.Inf.Vehicle 1459 58- 32 14 M
GUn 155 SP T97 581 32 4 M M

1/4 -ton Utility M134_A1 581 32 S S S
1/4-ton Utility 143 Al 581 32 S S S
1/4-ton Util. (old type) 581 32 S S S
1/ 4 -ton Util. (old type) 581 32 S S S

1/-ton util. (old type) 5p1 32 s S S
1/4-ton Uti ity 14 36A 653 16.0 S S S
2-1/2 ton Carg G14C 653 16.0 S S S
2-1/2 ton Cargo GC4C 726 11.5 S S S
2-/2 ton Cargo GMC 726 11.5 S S S
2-1/2 ton Cargo PEO 726 11.5 S S S
2-1/2 ton Cargo REO 726 1!. 5 M S S
-/4 ton Cargo 1437 726 11.5 M S S

1/ 4 -ton Utility Ml38Al 726 11.5 S S S
1/ 4 -ton Utility 1--8,A 799 7.3 M S S
2-1/2 ton Cargo C4C 799 7.3 S S S
2-1/2 ton Cargo RE0 799 7.3 S S S
2-1/2 ton Cargo REO 799 7.3 M S S
5 ton Dump M51 -71 1.9 S M L
2-1/2 ton Cargo G1C 871 1.9 M4M L

* L - light; M - moderate; S - severe.

probably higher: but since no damage occurred on the exoosure of this
ty-pe on Shot 12, no data are available to indicate how much higher the
value wil! be. On Shot 9 significant damage occurred for an incident
shock of about 25 psi and peak static overpressure field of 78 psi. It
is reasonable to expect the pressure required to damage a shielded jeep
in the Mach region to be within these bounds.

4.6 SIELDING FOM -0 ASS FLOW OF BLkST IWAVE

Several conditions of exposure were prepared for 1/2-ton trucks

at the 2,000-foot ground range on Shot 12 (Desert Rock Sector). One
1/4-ton truck was exposed side-on with no constraints, one was placed
behind a 7-foot-hig-h earth mound (see Figs. D.23, D.24, and D.26, D.28)
three were placed side by side, as close together as possible, in the
side-on orientation, and one was exposed side-on with sandbags piled
the height of the vehicle on the side toward the blast and the side
away from the blast. In addition, earth was piled against the sandbags
on each side of the vehicle.
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TABLE 4.15 - Comparison of Damage from Shot 13
with Predicted Damage

Scaled Degree* Predicted Predicted
Item Distance a of Degree* of Degree* of

( KT-SL) (psi) Damage Damage Damage
(TM 23-200) (WT-733)

Tank, M24, Desert Rck 412 30.0 M S M

ark, M48, 90 mm Gun 497 25.5 M M M

ank, M48, 90 mm Gun 497 25.5 M 14 M

ITank, M48, 90 mm Gun 497 25.5 L-M M M

1155 SP T97 497 25.5 L M M

2 - 3 ton Truck,Cargo 786 11.6 M S S
Marine Corps I

!/4-ton Util. (old type) 786 11.0 M S S

i/4-ton Uti1. (old type) 76 11. S S S

3/4-ton Truck, M7 786 l.0 M S S

Desert Rock Vehicle

ank, M24, Desert Rock 786 11.0 L S M

1/4-ton Util. (old type) 864 7.5 M M S

1/4-ton Util. (old type) 969 2.2 L M M

3/4-ton Truck, M37 969 2.2 M M M
Desert Rock Vehicle

1/4-ton Uta!. (old type) 1048 - L L

* L - light; M - moderate; S - severe; L-M - light-moderate.
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The object of -the variety of exposures was to evaluate the effec-
tiveness of each exposure condition in reducing damage. Severe damage
to an unprotected jeep was expected. The results were as follows (see
Table A.8): the unprotected jeep (No. 3) suffered severe daimage, and
was displaced 265 ft., the jeep behind the earth mound suffered light
damage and was displaced less than one foot, the jeep emplaced with
sandbags and earth was damaged severely but ias displaced only 7 feet.
The three jeeps side by side were damaged severely and displaced an
average of 180 feet.

Significant protection was provided by the earth mound; damage was
negligible, while damage to the unprotected jeep was severe. Placing
the jeeps side by side was not effective in reducing damage. The dis-
placement of the jeep emplaced in sandbags was reduced to that usually
associated with light damage, although the vehicle was damaged severe-
ly. The reduction in displacement, however, suggests that the emplace-
ment may reduce damage on smaller-yield shots at the same pressure
level.

4.7 EXPERD],TAL DESIGN DATA AND RADIATION SHIELDLNG STUDY

The roll-over safety bar placed on transport vehicles reduced
damage to cabs and vehicle controls. The development of various stages
of damage was followed for the combat vehicles. For further discussion
of the D&PS program and the shielding study, refer to Appendixes B
and C.
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Chapter 5

CONCLUSIONS and RECOMMENDATIONS

5.1 CONCLUSIONS

The conclusions derived from the exposure of drag-type equipment
targets in Operation TEAPOT are as follows:

1. The damage to the 1/4-ton trucks on the desert line and
water line of Shot 12 was not too greatly different. On the asphalt

line, if the fire effects are discounted, the blast damage was less
than either the desert or water line. Also, the displacements of the
vehicles were greater on desert line than the water or asphalt line,
particilarly at distances closer to ground zero. At farther distances
from ground zero, displacements on the desert and water line were nearly
equivalent, but greater than on the asphalt line. This would indicate
that the drag forces were greater on the desert and water line than on
the asphalt line. The greater drag forces can partly be attributed to
the blast wave being dust or water laden.

In view of the fact that on Shot 12 the dispiacements of
the jeeps varied at two different sites on the desert surface, (regular
desert line sector and Desert Rock Sector) corroborates further the
measurements of asymmetries (Reference 11) in the sh-ck wave on Shot 12.

2. From the statistical analysis, a definite relation exists
between peak dynamic impulse and displacement and peak dynamic pressure
and damage for the I/4-ton truck in side-on orientation. Peak dynamic

pressure seems more closely related to damage to 1/4-ton trucks side-on
than the peak dynamic impulse.

3. The damage curves presented in WT-755 (Reference 1) and
TM 23-200 (Reference 7) will predict damage to a fair degree of accura-
cy. When the height of burst effect on blast wave parameters is
considered in causing damage then the scaling factor for damage radii
as the yield varies is w0.4. This scaling factor considers the

effect of positive duration on damage.

4. Results indicate that an incident shock of about 25 psi
overpressure Ln "the regular reflection region is required to produce
significant damage to jeeps from shock loading only.

5. Protection against extensive damage to drag targets can
be achieved by placing the targets behind a barricade of sufficlent
strength which, in itself, can withstand high drag forces.

6. The placement of a rol 1-over safety bar on wheeled
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vehicles will serve to minimize damage to the cab and the vehicle con-
trols. For further conclusions regarding experimental design data,
reference is made to Appendix B of this report and reports by D&PS
(Reference 8, 9).

7. At distances where tanks will withstand high drag forces,
the personnel within will receive a lethal dose of nuclear radiation.
The LethaL radii from radiation will extend farther than blast damage
radii. The average attenuation factors for gamma radiation of the Tank,
M48, T97, and the M59 are 0.1, 0.6 and 0.7, respectively.

5.2 RECOMMEMATIONS

Exposure of jeeps as response gages should only be done on future
atomic tests which present unusual environmental conditions or on those
shots for which data is expected to be significantly different than that
previousty obtained. In this sense jeeps are used to represent a large
class of simiaar drag-sensitive targets such as military field equip-
ment.

The shielding studies of armor have been made only of gamma radia-
tion. An additional hazard for personnel from certain ty-e weapons is
the neutron-flux radiation. In future tests, provisions should be made
to obtain the neutron-flux measurements, as well asgamma radiation
within the tanks.
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Appendix A

TABLES of DAMAGE
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TABLE A.1 - DAMAGE EVALUATION, SHOT 1

KEY: TO front-on. SO side-on; F field maintenance; 0 organizational maintenance: N none
Item Position, bve- Manhr, Degree of Damage and Description

Distance P P ment, repair
to GZf (Ei ( etdrpiGZ,ft (psi) (psi) ft req'd.

1/4-TON TRUCKS, OLD TYPE

25 so 410 20.5 2.6 3.5 1/2, 0 Light. Turned on side. Right rear wheel
housing bulged up. Hood blown off. Body
and seats scorched.

26 FO 460 18.7 3.0 5.0 0, N Light. Hood blown off. Fuel tank bent.
Slight leak in radiator. Body and seats
scorched.

27 FO 430 19.5 2.7 3.0 0, N Light. Body bent. Fuel tank bulged in at top.
Tank leaks. Body and seats scorched.

28 SO 320 23.8 1.8 2.0 0, N Light. Body bent and scorced. Seats scorched.
29 FO 550 16.5 3.6 3.5 0, N Light. Body bent and scorched. Hood blown

off. Seats scorched.
30 so 64o 15.0 4.2 9.5 1/2, 0 Light. Turned on side. Hood blown off. Body

beat and scorched. Seats scorched.
31 FO 1300 9.8 2.5 1.5 0, N Light. Hood blown off. Body bent and scorched.

Seats scorched.
32 SO 1280 10.0 2.5 2.5 0, N Light. Body bent and scorched. Seats scorched.
33 FO 1760 6.0 0.96 0 0, N Light. Body bent and scorched. Hood blown off.

Seats slightly scorched.
34 SO 1780 5.9 0.95 2.0 0, N Light. Body slightly bent.

TRUCKS, UTILITY, 1/4 TON, 4 x 4, M38AI

1 SO 1980 4.9 0.6 0.51 0, N Light. Hood blown off. Upholstery scorched
slightly at edges. Paint blackened and
scorched on left (exposed) side.

2 SO 1995 4.8 0.6 0.67 0, N Light, Hood blown off. Upholstry scorched at
edges. Paint blackened and scorched on left
(exposed) side.

3 SO 2005 4.8 0.6 0.33 0, N Light. Hood blown off. Upholstry slightly
scorched on exposed sides. Paint blackened
and very lightly scorched on left (exposed)
side.

4 so 1410 8.7 1.9 0.75 0, N Light. Hood blown off. Upholstery scorched on
exposed edges. Paint blackened and moderately
scorched on exposed (right) side.

5 SO 1420 8.6 1.9 0.88 0, N Light. Hood blown off. Upholstery lightly
scorched on exposed sides. Paint moderately
scorched and blackened on exposed (]rt) side

6 so 1430 8.5 1.9 o.46 0, N Light. Hood blown off. Upholstery scorched at
edges. Paint blackened and scorched on exposed
(left) side.

TRUCKS, CARGO, 2 1/2 TON, 6 x 6, M35 (iEO)

7 SO 1150 11.5 3.3 0.71 0, N Light. Hood blown off. Body right side bent in
about 2 in. Cab left door caved in bgt still
operable. Tool compartment door and panel cave
in. Seat upholstery scorched. Paint blackened
and slightly scorched on exposed (left) side.
Hood left side panel blown off.

8 so fl60 11.4 3.2 1.O4 o, N Light. Fuel tank side slightly caved in. Body
right side bent in about 3 in. Cab right door
caved in. Lock not operable. Battery compart-
ment door caved in. Hood blown off. Hood right
side panel blown off. Seat upholstery scorched
Paint scorched on exposed (right) side.

9 SO 1.1.8o 11.1 5.1 0.46 0, N Light. Hood blown off. Body left side panel bent
in about 1 in. Left door of cab bulged in
severely but still usable. Hood blown off
(left side panel). Tool compartment door and
panel badly bent in but usable. Paint lightly
scorched on exposed (left) side.

72

SECRET



TABLE A.l - Damage Evaluation, Shot 1 (Continued)

Item P sition, Move- Manhr, Degree of Damage and Description

Distance Ps 
P

d ment, repqir
to GZ~ft (psi) (psi) ft req'd.

TRUCKS, CARGO, 2 1/2 TON, 6 x 6, M35 (REO), (Cont.)
Io so 1440 8.4 1.8 0.80 0, N Light. Hood blown off. Body left side panel

bent in about 1 in. Left door of cab bulged

in severely but still usable. Hood blown off

(left side panel). Tool compartment door and
panel badly bent in but usable. Paint lightly

scorched on exposed (left) side.
i1 so 148o 8.1 1.7 0.80 0, N Light. Body right side bent in about 1 in. Right

door of cab bulged in severely but still us-

able. Hood right side panel blown off and
missing. Hood blown off. Battery compartment
door badly bent but usable. Paint lightly

scorched on exposed (right) side.
12 SO Ul)- 7., . 0, N Light. Fuel tank right side slightly caved in.

Right side of body slightly bent in. Right
door of cab bulged in, lock not operating.

Hood blown off and right side panel bent in.

Upholstery scorched. Paint blaened.

TRUCKS, CARGO, 2 1/2 TON, 6 x 6, M135 (GMC)

13 SO 1260 10.2 2.6 1.04 0, N Light. Left door of cab severely bulge in but

usable. Hood blown off and severely wrinkled.

Paint slightly scorched on exposed (left)
side. severely around gas tank.

14 so 1290 9.9 2.5 1.04 0, N Light. Right door of cab severely bulged in.

Hood blown off and severely bent. Paint black-
ened and scorched on exposed (tight) side.

15 SO 1320 9.6 2,3 0.50 0, N Light. Hood blown off and severely wrinkled.

Right door of cab severely bulged but usable.
Tool compartment door bulged in. Paint

scorched and blistered on exposed (right) side
16 SO 1510 7.8 1.6 1.6 o, N Very Light. Hood blown off and bent. Left door

of cab bulged in but usable. Paint blackened
on exposed (left) side.

17 SO 1530 7.6 1.5 0.88 0, N Light. Hood blown off. Left door of cab bulged

in severely but usable. Hood panel on left

side bent. Paint lightly scorched on exposed
(left) side.

18 SO 1545 7.5 1.5 0.63 0, N Light. Hood blown off and dented. Right door of
cab bulged in but usable. Tool box door bulged

in. Hood panel on right side pushed in. Paint

THUCKS,DUMP,6 x 6, M51 blackened on exposed (right) side.

19 SO 1050 12.8 4.0 0.75 0, N Light. Slight leak in fuel tank. Hood blown off.
Left side panel blown off and twisted. Rear
of cab pushed back and slightly bulged. Left
door of cab bulged in. Cowl bulged in slightly
on left side. Tool box door bulged in. Slight

radiator leak. Tires scorched on exposed side.

Surface of plastic reflectors fused where ex-

posed. Paint on exposed side (left) scorched.
20 SO 1100 12.1 3.6 0.75 0, N Light. Hood on left side panel blown off. Left

door of cab bulged in but usable. Back of cab

severely bent toward right. Tool box door and
panel badly bulged in. Lower part of left
fender pulled loose from running board. Plas-
tic reflectors fused where exposed. Radiator
support and headlamp panel assembly badly

bent on left side. Tires scorched on exposed
side. Paint blackened and scorched on exposed
side.
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TABLE A.1 - Damage Evaluation, Shot 1 (Continued)

Item Position, P. Pd Move- Manhr Degree of Damage and Description
Distance (psi) (psi) Ient, repair
to GZ,ft ft req'd.

TRUCKS, DUMP, 5 TON, 6 x 6, M51 (Continued)

21 SO 880 14.1 4.8 0.92 0, N Light. Hood blown off, right side panel
bulged in. Right door of cab badly bulged in
but usable. Tool box door bulged in. Fuel
tank side slightly bulged in and had a
slight leak. Crankcase ventilator knocked
off at tappet cover. Cab right rear panel
brace torn loose. Tire carrier side bracket
blown off. Engine right lower panel torn
loose from frame bracket. Battery box and
cover blown in. Left door of cab blown
against left fender and badly dented: fender
cracked. Plastic reflectors fused where ex-
posed. Tires scorched on exposed side.
Slight leak in radiator. Paint blackened
and scorched on exposed side.

22 SO 915 14.0 4.7 0.38 0, N Light. Hood blown off: hood right side panel
blown off and twisted. Slight radiator leak.
Cab rear panel slightly bulged in and bent
backward. Right door of cab bulged in. Right
side of brush guard and headlsaup panel bent
forward and down. Left cab door blown open,
badly denting door, making door inoperative.
Tires slightly scorched on exposed side.

ARNMIED IFANTRY VEHICLE M59 Upholstery slightly scorched where exposed.
Paint scorched on exposed (right) side.

26 1O 848 14.0 4.74 0.14 1, 0 Light. Cargo hatch, Assy 8340066 bowed inward
rear- approximately 1-3/8 in. Engine panels,
ward 8340716 & 8341241 blown into crew compart-

ment. Bent beyond replacement by first eche-
lon. Air deflection panels (discharge side o:
of radiators) forced against drive shaft
requiring removal prior to vehicle operation
Driver's periscope T17 blscmed. Left peri-
scope locking mechanism broken. Front
striker on left crew hatch released during
blast permitting bending of hatch door.

155 m GUN, SP T97 Blackout marker lights lens burned and cir-
cuit inoperative.

27 70 872 14.0 4.74 0 1, 0 Light. Periscope T17 blackened beyond usable
rear- visibility: cleaning possible. Left front
ward IR headlamp lens shattered. Right front

fender mad flap displaced; left mad flaps
0 torn.
hori-

zontal
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TABLE A. 2 - Damage Evaluation, SHOT 2

KEY: FO front-on: SO side-on; F field maintenance: 0 organizational maintenace; N none

Item Position, Move- Manhr Degree of Damage and Description

Distance Ps Pd ment repair
to GZ,ft (psi) (psi) ft req'd.

TRUCKS, UTILITY, i/4 TOw, 4 x 4, m38AI

1 SO 1500 10.9 3.2 6.1 1, 0 Light. Vehicle operable; rolled over on right
side. No apparent serious damage. Started
when uprighted.

2 SO 1500 10.9 3.2 6.2 1, 0 Light. Vehicle operable; rolled over on right
side. No apparent serious damage. Started

when uprighted.

6 SO 1350 11.5 3.7 10.4 1, 0 Light. Vehicle.operable; rolled completely
over and spun. No serious damage visible.
Started when uprighted and towed.

TRUCKS, CARGO, 2 L TON, 6 x 6, M35 (RE0)

7 SO 1200 13.5 4.8 39 1, 0 Light. Turned completely over, then on side,
resting with left side up. Fender blown off.

Frame rail slightly bent. Roll-over-safety
bar still in good condition.

8 SO 1200 13.5 4.8 14.6 3, 0 Moderate. Vehicle probably combat usable after
replacing or patching fuel tank. Rolled over,

resting on top. Large hole punched in side

of gas tank. Roll-over-safety bar crushed

and bent. Steering wheel and frame apparent-
ly not damaged.

12 SO 1350 11.5 3.7 7.5 1, 0 Light. Vehicle combat usable. Turned ever on
left side. No apparent serious damage.
Started when uprighted.

TRUCKS, CARGO, 2 J TON, 6 x 6, M135, (GMC)

14 SO 1200 13.5 4.8 52 8, F Moderate. Combat usable after repair of
front axle. Rolled over 1-L times coming

to rest squarely on roll-over-safety bar.
Left front wheel blown off. Constant ve-
locity joint housing flange cap screws

sheared. Axle shaft end off.

16 SO 1350 11.5 3.7 8.6 1, 0 Light. Vehicle combat usable. Rolled over
on left side. No serious damage visible.
Started when uprighted and towed.

18 SO 1350 11.5 3.7 7.6 1, 0 Light. Vehicle combat usable. Rolled over
on left side. No serious damage visible.

Started when uprighted and towed.

TRUCKS, DUMP, 5 TON, 6 x 6, M51

19 SO 1050 13.9 11.2 109 - S Severe. Not economically repairable. Rolled
over several times coming to stop on left
side. Bod' blown off. Frame side rail bent.
Cab blown off. Bell housing broken. Car-

buretor broken (probably during rolling).
Steering column broken. Body badly bent
but intact.

22 SO 9 4o 15.8 24.8 11 S Severe. Not economically repairable. Rolled
over coming to rest on top. Chassis only

remains. Body and cab blown off. Rear axle
blown off. Frame rail slightly bent. Bell
housing broken. Steering column broken off.
Body and cab blown apart.
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TABLE A. 3 - DAMAGE EVALUATION, SHOT 4

KEY: FO front-on: SO side-on; F field maintenance; 0 organizational maintenance; N none

Item Position, Move- Manhr Degree of Damage and Description
Distance P P ment repair
to oZ ft (psi)tpsi) ft req'd.

TRUCKS, UTILITY, i TON, 4 x 4, M38A1

3 50 3700 6.9 3.1 96 3-6, 0 Moderate. Vehicle probably cbmbat usable.
Rolled over and landed on wheels. Started
w/o aid and operated in forward and re-
verse. Severe damage to left rear corner
forced driver's seat up against steering
wheel. Left rear spring bent at second
clip from front eye. Only one leaf attached
to eye. Left rear shock absorber broken.

4 SO 3380 7-9 4.1 138 10-15, F Moderate-Severe. Vehicle questionable for
combat use. Landed on right side in gully.
Uprighted and started engine w/o aid.
Following repairs necessary prior to use:
(1) replace radiator; (2) replace all
engine mountings; (3) repair clutch link-
age; (4) straighten floor under driver's
seat. Seat up against steering wheel due
to severe damage to left rear corner of
body.

5 SO 3380 7.9 4.1 209 -, S Severe. Completely demolished. Frame mangled.
All components blown off except axles.

TRUCKS, CARGO, 2 TON, 6 x 6, 935 (REO)

10 SO 3380 7. 9 4.1 116 -,S Severe. Not economically repairable. landed
on left side in gully with front and 1800
reversed from direction prior to shot. Frame
badly bent at bogie. Right bogie trunnion
bracket torn loose from frame gusset. Inter-
mediate to rear axle propeller shaft beat

around bogie cross tube. Body sub-frame
badly bent. Body in good condition. Front
of radiator penetrated in several locations
by stones.

11 SO 3380 7.9 4.1 212 -, Severe. Not economically repairable. Landed
upside down. Frame bent moderately forward
of intermediate axle. Body blown off 90
ft from vehicle. Sills and body sides badly
bu6kled. Roll-over-safety bar knocked off.
Right side cab crumpled flush with floor.
Front engine mounts broken. Transmission
base broken free from front cover. Inter-
mediate axle torque rods broken. Intermed-
iate axle shifted to bogie. All springs
bent or broken. Fuel tank knocked off.
Top tank of radiator badly buckled and
many stone penetrations through" tubes.
Right fender missing. Left fender badly
crumpled. Battery tray and batteries knocked
off. All propeller shafts broken or twisted.

9 SO 3000 9.2 6.9 395 -,S Severe. Completely demolished. Landed on
left side. All axles blown off. Cab
mangled. Body held by one bolt. Engine
almost out. Bell housing broken.

17 SO 3380 7.9 4.1 121 2, 0 Moderate. Probably combat usable. Landed on
right side. Following repairs necessary
prior to use: (1) replace batteries which
were thrown out and broken; (2) cut tail
pipe loose from muffler. Tail pipe was
flattnned. Frame slightly bent.
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TAJBLE A. 3 - DAAGE EVATXATION, SJJ(Y1' 4 (COsTI.NUB)

Item Position, Move- Mnhr Degree of Damage and Description
Distance P Pd ,sent repair
to Zft (psi) (pui) ft reu'd.

TRUCKS, CARGO, 2-- TON, 6 x 6, M1135 (GMC)

13 SO 3000 9.2 6.9 200 -, S Severe. Completely demolished. Landed on
wheels. Frame "Z" shaped behind cab, and
severely bent and broken from cab forward.
Body blown off. Cowl. and dash caved in.
Steering wheel gone; column bent. All
major components (engine, transmission,
etc.) badly broken up.

15 So 3000 9P 6.9 215 -, S Severe. Not economically repairable. Landed
upside down. Frame mderatelly bent at
bogie. Engine and transmission torn out
and lying on ground in front of vehicle.
Cowl and dash caved in. All body mountings
broken except rear. Forward section of
body bent across bed. Both fenders badly
buckled. Roll-over-safety bar broken off

at welds at body.
20 SO 3380 7.9 4.1 45 -, S Severe. Not economically repairable. Vehicle

landed on wheels. All of right side of
vehicle badly battered. Body still attached
to hinges but torn loose from cylinders and
lying 1800 at rear of frame. All engine
accessories broken. Flywheel housing broken.
If the body is replaced, the left side of
the vehicle will present an almost normal
appearance.

21 SO 3000 9.2 6.9 159 -, S Severe. Completely demolished. Frame "Z"
shaped and broken at intermediate axle.
Body blown off and located 240 ft from
vehicle. Cab badly torn up.

TANK, m48, go = GUN

24 SO 3700 6.9 3.1 None 2, 0 Light. Sand and gravel in gun tube. Sand and
gravel in machine gun. All glass facing
blast obscured by soot and dust. Minor
damage to fenders.

25 FO 3700 6.9 3.1 None 6, 0 Light. Sights on gunner's periscope sand-
blasted and cracked. Range fender end
windows sand-blasted. Glass in headlights
broken. Turret traverse mechanical Nobak
not functioning. Requires internal spring.

Gravel in gun tube.

ARMORED INFANTRY VEHICLE, M59

26 FO 2350 11.6 34.3 Unknown 28, F Moderate. Main engine did not run. Driver s
instrument panel bowed, brace town off.
Main electrical harness torn out of mounts
and pulled apart. Top armor over infantry
compartments buckled. Two top doors warped.
Forward external glass smashed.

155 mm, GUN, SP, T97

-7 F0 2350 11.6 34.3 45 12, 0 Mderate. Vehicle overturned on left side,
deforming fenders, detaching two grill
doors and headlams assembly, breaking
spade operating cables and spade locks.
Battery acid, gasoline, and hydraulic
oil and air cleaner oil leaked out.
Machine gun pintle mount stripped. Gun
tube filled with gravel. Outside window
smashed on gunner's telescope.
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TA3LE A. 4 - DAKA.E fiVA IJtATIO, I11011' 5

FO fxont-on 130 side-on F field finteJnce 0 orguagtjvo),Jl muintenance; N none
bu.avg/e

Item Position, * ve- jtunhr Degree of Damage and Deocriptlort

Distance P pd met x,2pa T
to GZ,ft ft(u) reqd.

TANn, 18, 9omm
23 FO 1350 11.5 9.6 None 5, 0 Light. Left front fender bent down on trck,

Divhts and vision devices badly pitted.
,and and dirt in 90 -- gun tube. Front
light assemblies smashed and bent on bracket.

TABLE A. 5 - DAMAGE EVAWJFICO.N, Sisyfr 6

M1Y: FO front-on: SO side-on: F field maintenance: 0 organiavtional maintenance " none
S salvage.

Item Position, Move- ienhr Degree of Damage and lDeocrlptiozn
Distance P Pd ment repair
to GZ,ft (PSI) (Pei) ft req'd.

TRUCKS, UTILITY, J Tow, 4 x 4, wW-nI JREP, ASPBALT sURFACE

42 so 1800 6.2 5.9 66 8-10, F Plderate. Rood blown off. Fenders slightly
bent. Brush guard blown forward and radia-
tor core stone-blasted. Battery broken loose
from holder, but still connected. agine
started but vehicle could not be driven as
transmission failure occurred prior to
shot. Bight rear shock absorber broken.
Steering gear was jamed and steering wheel
badly bent. One seat cushion right side of
vehicle blown out. lights did not light
and -wiring needs checking. Body paint
scorched.

44 7o 1600 6.2 5.9 44.1 1 , 0 Moderate. Vehicle had damaged transmission
before shot. Hood was blown off. Fan belt
was off. Coil wire to distributor blown
loose at suppressor. Connected wire but
engine would not start. Starter worked.
Headlight blown out and needs replacing.
With minimum repairs should be made
operable.

18 so 2000 6.6 3.8 18.8 1, 0 Light. Vehicle was blown upside down. Steer-
ing columa and steering wheel bent. Gas,
oil and coolant leaked out. food had been
blown off. Body bent at left rear wheel.
Brush guard and grill bent. Left front
fender bent and right headlight bracket
bent. Blackout drive light bent at brad et.
Vehicle had no battery prior to shot. En-
gine was not started. Paint scorched and
sand-blasted on right side.

47 7o 2000 6.6 3.8 5.3 8, F Moderate. Hood blown off. Cowl metal raised
approximately 9 in. where hood was hinged.
Dash was bent 3 in. rearward at center.
3/4 inch holes in radiator core. Engine
could not be started because of missing dis-
tributor prior to shot. Hand brake jammed
in "on" position. Battery cables jarred off

posts. Left headlight broken. Paint scorched
at front of vehicle.

37 SO 2300 8.0 2.0 11.9 1, 0 Light. This vehicle was blown upside down and
hood was bent in by large stone. Steering
wheel was bent but usable. Paint slightly
scorched. Attests to start engine revealed
low battery. Could be made usable with min-
or repairs.
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2ItA IAavtSv :W5zd not Lxvil~aet;

2dwt xtumbeDv4 Beao t; 2,t wnched, dii

bkooiXJ 1i't did not w

.70 iWO2550 9. 3 1_0 16 1, o Li ,5h. _od blown off . zt-r aa
col~umn beni-at nin to ILL5ts =nd jvstran-

Lvhte boted o~r osear ,Zciiou Of a-2g
trIcal it--m na za nitttat,

J~~~~~~~~0~~~ iW 801-25.T 6.. -,5 derate I~tbicle bad ildt i io
.-nd _Oor bmake-s Prioar to zbot.Yhc'
,was blovn -pride down. Zond v55 Uqwwo
'Off. Bering colInan lnd w -Olver-_an.
Cowl enMarhed in on left aide.. Bdlixt
,5lass broken. IL~gtn furnctimned.Frn
f'enders bent downl on1 front helBattery
needs 13lcig ig~bt side front sat
,back bent forward.

35 W0 1800 1.2.2 5..7 108-0 5-D, Y 1Mderte Vehicle had failed tmasneigsion
Prior to shot. 'Veicle -.Ms blown upside
Amwn. Bood blon off,. Body -badly 'damaged
,on left rear side. Brush guard and -i22
bent. Fenders bent, Steering colrumn &
itheel bent.. Yront seats backs bent. wir-

Ing pulled8 from b aligbts: hea~dlight glass
broken. Battery case broken. Clutch did not
function. Radiator toD tank iounctured and
bent. 7,adisator core pimnctared. cooling fan
'bent- Brakes unserviceable.

36 so 2000 11.2 -4.3 37.3 10-12, 7 Moderate. Magine vould not start prior to
shot. Vehicle vas blown over and landedi
rigbt side, un. Hood blown off. Body right
zvear corner bent in. le-ft side of cowl
bDent in. left front fender bent down. Brush
guard and grill tvisted. Tranvsdson would
not shift- Steering wheel bent. Paint
scorched. Sopar tire bracket -shed..

149 7WO 2000 l1-2 4.3 17..9 1, 0 laght.. Vehicle had failed transisabn pri7or
to shot. Bond blown off. Dead. -battery pre-
Vented atarting of engine- Beadlight glass
'broken.

50 FO) 2300 9.6 2.8 6.,6 1, 10 laght- Hood blown off and rinoled out center
of 'cowl metal and 'bent dash7rearward. Head-
light glass broken but lights function.
Front exposed paint scorched.
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Z" 2Y 96 2 14,9 :1, a lly)rA. f~±eio tn-nel in law gear
CoAy 7f prtr to- sh6 v/ehicl eS "uovn up-
side &erjn j~LpZ rear coirnrr of 'uody serjieA.
'Awl blo'vWD off, YZogive could not be Started
been.se of degd b0atter7, Se'r'ice 'bmakeff
7jeed 84justirig.

~6S2 ent.2±' I ront' shozk al-~d~ic' 12 1d asrt. '. f left, front

!-;.11 25'5 at5 aente
5 2i~ht Zood bown. rarVesz' 'as-oa

~r~iatodbnt trott Hd or', 1gIn2-

ho. oi~ P11 1oe;1 A't~ of =f Ladn, 150 feet
Left doorsent in b bat stl aceLe,

off en-d iled-"nf -'.ateytnd

en oveWr ho t vvow' n', ztart dato -,sissng
rotor In treS _o n. , did not, fu-nction;
!',1, 10b-i-e "- JfcII._an
zscorcedI on leftt, 'Indield zlass vas
no-, vronan. san-o -body 1left side to rerof
FI

4 4" accezss door Inw"6. in 'roitey3in.
f,--s b'lest.

MIIC ZO 279D I . -f/-' D 5 t 'Is ia-e -mar displayed si!Ie-on to
:_osrA z-"-o "'-d reserneS. richt s:ide vp ail

-m.: started -ri' vehicle =Tved a'nproxirjet-ely
5 t.'indrhield g57255 crzacked. Hood ln

off, ""tned SapproyzInotelr 5 feet from ve-
hicle. Body front pnanel wsec-ce at left
front corner. Body left side panel bowed2 in
fres 'b-last slig htly. Bows on left side of
body raized up in the bow packets, end a
zmall por-tion of wood blownm away.

Uj11 Z0 2700 6.E, 1.0 - 1/2, 0 Light. 'Vehicle entrenched approy-itely !0 ft.
deenD. Front bow. netal panel slightly bent.

ho. Catb cezaes torn. Right side hood brace bent.
V,56 Center hinge rod at rear of hood slightly bDent

TA, M435, U. Z. 3PWDO CORPS - MARMIFh CONS'S SIOTOR

1&600 so 1500 e.0b - Vehicle 6, 0 LiZht. Before use after unrighting. Need to
over- repair minor 'Issiage (1) clean sand end dust
turned from gun; (2) reinstall spare road wheel; (3)
on right reinstall turret deck plates; (4) straighten
side lei-, rear light; (5) reinstall right deck

plate over engine; (6) strmaiGhten right fender,
(7) check electrical and fuel systems to de-
termine reason for engine not running. Engine
my not have been in running condition prior
to shot.

10326 so 1500= .8 - 1, 0 Light. Sand and dust in gun; requiires clean-
ing.
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TABLE A.6 - wav/E KIALUJTIO1, 310
r
P 1

MEY: FO front-on; 0 side-on; F field maintenance; 0 organizational iraintenance; W none
0 salvage.

Item Position, Move- Man hr Degree of DwmAge and Description -
Distance Ps Pd ment repair
to GZ,ft (psi) (psi) ft req'd.

T'1E, UTILI Y, 1/4 TON, 4 z 4, ,w-n TIEa, (BRL VKiICLE)
32 SO 2960 8.5 1.5 12.9 1, 1 Ligim. Vehicle blown upside down. Hood blown

off. Steering gear wheel bent, blackout
light bracket bent, and battery acid drained
out. All paint on right ride sacorched. Could
not start engine.

29 F0 2960 8.3 1.5 7.7 1/2 0 Light. Hood blown off, cowl pulled upwards at
hood hinges. Radiator top tank le _ n. All

front exoosed paint and tires scorched.

Could not start engine.

34 SO 3250 6.5 1.1 10.1 1, 0 Light. Vehicle blown upside dom. Steering
column and steering wheel bent. Frong bum-
per bent and wood filler splintered. Top

right side of body crushed in. Hood bent
but still attached to vehicle. Battery acid
and engine oil drained out. Fight seat front
bent. Paint on left side sand-blasted and
scorched. Vehicle was righted and started.

33 FO 3250 6.5 1.1 2.1 2, 0 Moderate. Hood blown off. Cowl ripped back to
dash. Dash panel blown out. Wiring & instru-
ments condition needs checking. Three-
fourths of front area of radiator has fins
flattened down so as to prevent air passage.

Steering wheel bent. Could not start before
or after the shot.

27 SO 3700 5.0 0.8 0.8 -, 0 Very light. No damage except scorched paint
on left side.

25 FO 3700 5.0 0.8 0.4 -, 0 Vcry light. Hood blown off (was only lying

in place). Front exposed paint scorched.

TRUCK, 1/4 TON, M38, NO. 20896476 (CJ.aJp D,_--RT ROCK VEHICLE)

SO 2850 8.1 1.7 9.0 -1 0 Light. Vehicle exposed right side to ground
zero with dummy in driver's seat & a radio

sitting loosely on right rear fender. Fender
was blown over on left side; dummy remained
in seat; radio spilled out onto gound. Hood

was blown off, windshield frame bent and
ripped, battery acid drained out, assistant
driver's seat torn out and blown 25 feet

from vehicle. Right side of vehicle
scorched. This vehicle would probably be
immediately operable when uprighted.

TRUCK, 3/4 TON, M37, NO. 2401665 (CAM.P DESERT ROCK VEHICLE)
SO 2850 8.1 1.7 9.0 2-3, 0 Moderate. Vehicle exposed on right side to

ground zero with a radio sitting loosely
On troop seat. Vehicle was blown upside

down smashing all bows, bending tailgate
and resting on radio which bent the right
side of the body outwards. Cab was bent,

windows smashed, right door caved in. The
hood was bent double & was supporting the
vehicle, probably prevented damage to en-

gine. All running gear, fr=:e, suspension,
etc., appeared to be satisfactory. All
paint on right side scorched. if uprighted
& serviced with water, gas & lubricants,
this vehicle would probably be operable.
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TABLE A. 6 - DAMAGE EVALUATION, DiOT 8 (CONTINUED)

Item Position, Move- Man hr Degree of Damage and Description
Distance Ps Pd ment repair
to GZ.ft (psi) (p st) ft reo'd.

TRUCK, -k TON, M38, No. 20896474 (DAMP DESERT ROCK VEHICLE)

RO 45oo 4.4 0.5 Not None Very light. Vehicle exposed with rear to
Observed ground zero. Remained upright. Vehicle was

displaced by shot, but displacement was
not measured. Only damage sustained was
re-.r door jammed in 1 in. & rear seat
pushed forward.

TRUCK, 2--1 TON, M135, No. 41198299 (CAMP DESERT ROCK VEHIC:E)

SO 4500 4.4 0.5 - 1/2,0 Light. Vehicle exposed with left side to
ground zero. Vehicle remained upright, was
pushed slightly sideways. Left door pushed
in. Left & right door glass was smashed.
Right windshield smashed. Left windshield
intact. Hood was blown up and bent over
top of windshield frame. No other damage.
Vehicle started.

TANK, 148, 90 mm

23 RO 2650 8.9 2.2 0 2, 0 Light. Minor damage to use: (1) replace one
at commander's periscope: (2) clean sand from
450 main gun tube; (3) clean sand from coaxial

angle machine gun: (4) replace right rear fender
(5) replace damaged water can; (6) clean
soot from glass sighting surfaces.

24 PO 2650 8.9 2.2 0 2, 0 Light. Minor damage to use: (1) clean sand
from main gun; (2) clean sand from coaxial
machine gun; (3) straighten right front fen-
der: (4) straighten right fender to rear of
stowage boxes: (5) clean soot from glass
sighting surfaces.

5 SO 2650 8.9 2.2 0 2, 0 Light. Minor damage to use: (1) clean sand
from main gun: (2) clean soot from glass
sighting surfaces: (3) straighten right

ARMORE IRFANDRY VEHICLE, M , front & rear fenders.
26 SO 204O 12.5 4.8 24 4, 0 Light. Mjor maintenance necessary to upright

vehicle. Minor damage. To use: (1) remove
oil from engine cylinders; (2) replace miss-
ing access cover plate over right engine;
(3) re-install dislocated panel plate in
right side of driver's compartment; (4)
check batteries - replace lost fluid; (5)
clean breather on right engine; (6) replace

one cupola vision block.

SELF-PROPELLED 155 mm GUN, T97

27 SO 2040 12.5 4.8 5 2, 0 Light. Minor damage; to use: (1) clean sand
from main gun; (2) clean soot from glass
sighting surfaces.
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TABLE A.7 - DAMAGE EVALUATION, SHOT 9

KEY: FO front on; SO side-on: F field maintenance; 0 organizational maintenance; N none
S salvage.

Item Position, Move- Man hr Degree of Damage and Description
Distance P Pd ment repair
to GZ,ft (psi) (psi) ft reo'd.

ThucK, TiLITy, TON, 4 x 4, jEEP (BHT VEHICLE)
44 GZ, 112 78 - 1.5 40, D Severe. Exposed directly under intended

ground zero. Vehicle remained upright.
Because of the proximity to the center
of the explosion, damage to the vehicle
was the least of the seven vehicles ex-
posed. However, damage was severe. Fuel
tank crushed, body bent and scorched,
driver's seat blown out, floor bent,

radiator top tank crushed and core punc-
tured, carburetor air inlet horn crushed,
instruments, lights and wiring scorched
and blown out. Hood blown 155 ft. Vehicle
remained upright,and running gear, sus-
pension, power train and engine appeared
to be undamaged.

42 SO 236 59 - 5.4 40, D Severe. Very near to actual ground zero.
Vehicle remained upright. The running
gear, suspension, engine and power train
appeared to be unharmed. Entire body,
and anything above it such as steering
wheel, instruments, knobs, shift levers,
hood, fuel tank, radiator, carburetor
air intake horn, and grill were crushed,
bent, and burnt so badly that replace-
ment of all of them is necessary. Both
left tires were flat. (Side away from
blast)

48 SO 467 41.0 19.5 110 -, S Severe. Body ripped off of vehicle, blown
30 ft. away. Chassis landed on its wheels.
The entire power train, engine, suspen-
sion, and running gear, except for a
smashed transmission case, appeared to
be all right. The frame was twisted,
radiator bent, crushed, and punctured
and every-thing else above the chassis
stripped off and ruined.

45 SO 380 47 20.0 68 -, S Severe. Only salvagable items are engine,
transmission, transfer, and rear axle
assembly. The frame, body,and all other
components were damaged beyond economi-
cal repair. Mangled body was still cling-
ing to chassis. Chassis lying on right
side. On this and remaining vehicles
carburetor was blown off of engine.

18 FO 782 21.4 14.5 53 50-60, D Severe. Vehicle on its wheels. Frame,
possibly engine, transmission, transfer,
axle assemblies, and suspension were all
right. Body badly bent and twisted, grill
and radiator blown back around engine,
carburetor blown off, clutch inoperative,
two shock absorbers bent, rear seat
missing, headlamps demolished.

47 SO 773 21.4 14.5 124 -, S Severe. Vehicle landed on right side. Body
and many parts ripped from bent chassis
and delished. Only reusable item would
be engine and power train now including
front axle assembly.
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TABLE A. 7 - DAMAGE EVALUATION, SHOT 9 (Continued)

Item Position, Move- Man hr Degree of Damage and Description
Distance P Pd sent repair
to GZft (psf) (psi) ft req'd.

TRUCK, UTILITY, -, TON, 4 x 4, JE (BRL VEHIcLE) (Continued)

43 SO 1022 13.0 11.0 106 -, Severe. Remainder of vehicle resting on
wheels. Body and many vehicle parts ripped
from chassis, frame distorted. Entire en-
gine and power train might be reusable
after checking and repairing. Four springs
and two shock absorbers undamged. All
else scrap.

TABLE A.8 - DAMAGE EVALUATION, S1OT 12

KEY: FO Ifont-on: SO side-on: F field maintenance; 0 organizational maintenance; N none
S salvage.

Item Position, Move- Man hr Degree of Damage and Description
Distance , P Pd ment repair
to GZ,ft (psi) (psi) ft req'd.

TRUCK, UTILITY, - TON, 4 x 4, w-ii JEEP (BRL VEHICLES) DESERT SUJRFACE

23 SO 2000 9.8 40.0 650 -, S Severe. Bent frame with three wheels re-
maining. Demlished.

16 FO 200 9.8 4O.0 575 -, S Severe. Bent frame & severely bent body.
Left front wheel blown off. Demolished.

31 SO 2250 5.9 23.0 780 -, S Severe. Bent frame with front & rear axle,
steering column, radiator & grill and
left front wheel only attached. Demolished.

25 F0 2250 5.9 23.0 Dis- -, S Severe. Frame, radiator & front axle all
embered bent into one compact heat. Demolished.

15 SO 2500 7.0 11.3 165 -, S Severe. Bent frame, severely damaged body
& wheels on left side blown off. Demolished.

13 F0 2500 7.0 11.3 186 -, S Severe. Bent frame, severely damaged body
& radiator assembly. Demolished.

12 SO 2750 7.3 7,7 264 -, S Severe. Bent frame, severely damaged body,
engine blown out of frame & left front
wheel blown off. Deolihed.

2 F0 2750 7.3 7.7 94 6, F Moderate. Left front wheel parted at brake
backing plate bolt circle. (Parts for
repair would be obtained from severely
damaged vehicles).

17 SO 3000 7.6 1.1 44 3, F Moderate. Vehicle pivoted 1800 and came
to rest upside down. Radiator requires
repair, one bent wheel requires replace-
ment.

5 FO 3000 7.6 1.1 5.7 1, F Light. Headlam elements only were damaged.

TRUCK, uTiLn, - TON, 4 x 4, ww-ii = (BRL VEHICLES) WATER SURFACE

26 SO 2000 25.0 35.2 370 -, S Severe. Frame with axles attached turned
upside down with three wheels remaining.
Demolished.

38 FO 0000 25.0 35.2 36o -, S Severe. Frame & components are usable and
intact. Body & sheet metal severely
damaged.

32 SO 2250 12.0 28.0 337 -, S Severe. Engine & transmission separated &
blown out of frame. Frame severely bent
& twisted, rear axle broken in two parts.
Demolished.

34 FO 2250 12.0 28.0 300 -, S Severe. Engine, transmission & transfer
assembly blown out of frame. Axles re-
mained fixed to frame as well as a
severely damsged body. Demlished.
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TABLE A.8 - DAMAGE EVALUATION, SHOT 12 (Continued)

Item Position, Move- Man hr Degree of Damage and Description
Distance Ps Pd ment repair
to GZ,ft (psi) (psi) ft req~d.

TRUCK, UTILITY, 4 TON, 4 x 4, JEEP (BEL VEHICLES) ASPHALT SURFACE
4 SO 2500 12.5 10.5 516 -) S Severe. Body blown off of frame: all other

components remained attached. Frame was
bent beyond repair.

1 P0 2500 12.5 10.5 290 -, S Severe. Frame bent beyond repair:body a

total loss. Components only are salvag-
able.

9 SO 2750 13.3 4.1 255 -, 0 Moderate. Frame bent at right front spring
hanger due to impacting with - ton No. 20.
Can be roughly straightened in field and
vehicle could be put in combat use.

19 PO 2750 13.3 4.1 28.8 o, - Light. Hood blown off.
6 SO 3000 9.9 2.6 38.5 f, 0 Light. Vehicle rolled over water dike: rear

body panel bent by spare tire: hood blown
off.

P0 FO 3000 9.9 2.6 10.8 1, 0 Light. Hood blown off.

46 so 2000 21.5 16.1 223 -, S Severe. Body blown off and damaged beyond
repair, chassis intact and on its wheels.
Demolished.

41 FO 2000 21.5 16.1 234 -, S Severe. Frame bent beyond repair: body
severely damaged; left front wheel,brake
& backing plate assembly blown off.
Demolished.

28 SO 2250 10.5 10.6 193 -, S Severe. Damage due both to rollover & fire.
Frame mildly bent: body will require re-
placement; all tires burned off.

49 FO 2250 10.5 10.6 136 -, S Severe. Blast damage was light: fire
damage severe.

50 SO 2500 8.0 8.4 75 -, S Severe. Moderate fire damage, frame bent,
body bent, and both will re uire re-
placement.

30 FO 2500 8.0 8.4 65 -, S Severe. Severe fire damage and moderate
blast damage.

4o so 2750 6.0 6.4 46 12, F Moderate. Vehicle upside down. Severe
radiator and nderate body damage,
moderate fire damage.

37 FO 2750 6.0 6.4 13.3 2, F Moderate. Cowl torn open, radiator punc-
turned by debris.

8 SO 3000 5.3 1.7 3.3 -, Light. Left side of body slightly dented,
and hood blown off.

14 FO 3000 5.3 1.7 1.8 1, 0 Light. Cowl torn wide open, hood blown
off, radiator had small punctures but
could be refilled at intervals.

TRUCK, TON, M38A1 (D&PS) DESERT ROCK SECTOR
I. 6o 200 10.5 11.5 71 -, S 6evere. Vehicle was standing on wheels.

The fraiie had a 2-in. twist at rear
shock absorber mounts. The complete
body ims torn loose from the left side
of the frame and was held by the steering
wheel and by several. bolts on the right
side of the fraine. Both front Tenders
and the brush guard aid grill were
twisted and crushed. Radiator had been
punctured approxiimiately ? in. from top
teak. Both service and had brakes were
inoporative. The steering colui.an is not
economically repairable and should be
salvaged for Parts.
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TABL A.8 - DAMAGE EVALUATION, SHOT 12 (Continued)

Item Position, Move- Man hr Degree of Damage and Description
Distance P Pd ment repair
to GZ,ft (psA) (psi) ft reqed

1TRUCK, TON, M38AI (D&PS) DESERT ROCK SECTOR (Continued)

2 SO 2250 12.5 16.0 177 -, S Severe. Vehicle on wheels; frame slightly
bent at transmission. Body blown off
vehicle & rested approximately 34 yds.
from vehicle. Left front fender blown
34 yds. from vehicle, right front fender
buckled & torn. Brush guard, radiator,
batteries, seats, instruments, & lights
were either with the body or in vicinity
of body. Right rear engine mount cracked,
and left front engine mount was twisted.
Cannot shift transmission. Both service
and parking brakes inoperative. Steer-
ing column bent and wheel twisted.

3 SO 2000 15.0 32.0 265 -, S Severe. Vehicle upside down. Frame bent.
Body, engine, and transmission blown
off vehicle & resting 100 yards from
chassis. Vehicle is not economically

repairable.
4 so 2000 15.0 32.0 6.9 -, S Severe. Almost all sandbags and banked

earth blown away. Vehicle on left side.
Rear half of body & fuel tank blown off
vehicle. Mffler was punctured. Car-
buretor cracked at base. Front drive
shaft missing. Both front wheels bent.
Steering wheel & column bent.

6 SO 27 0 9.0 7. 5b.S 20, F Moderate. Vehicle on back having spun 90
° .

The right rear corner of body eand bumper
crushed. Battery blown 5 ft. from ve-
hicle. Floor of vehicle prevents depres-
sion of clutch pedal. Right rear shock
absorber missing and left rear one torn
loose from iframe. Assistant driver's
seat blon 7 feet from vehicle.

TRUCK, 3/4 TON, DESERT ROCK SECTOR

So 2500 10.5 11.5 50 3, 0 Moderate. Upside down. Cargo body requires
some straightening: cab doors & wind-
shield should be cut off. Roll-over
safety bar collapsed. Will be combat usa-
ble when put back on its wheels.

TRUCK, CARGO, 2-1/2 TON, 6 x 6, M155 (OuC) (D.-) DESERT ROCK SECTOR

lo SO 22 12.5 10.0 1)4.7 -1 S Severe. Vehicle on wheels. Frame bent
over tru-mnion center line. Fuel tank
torn loose from frame & buckled. Tail-
pipe torn loose fr-om muffler end bent at
top. Cargo body blown off frcmie & was 10
yds. froom vehicle. The cab was distorted.
Both doors inoperative. Both front fenders
blown off. Brush guard & grill blown off.
Battery carrier damaged. Carburetor gover-
nor broken off carburetor. Steering wheel
bent. Vehicle is not economically repairable.

14 sO 2,o0 10.5 11.5 43 ., D Severe. Vehicle on wheels. Frame had a slight
bend at bogie centerline on left side. The
muffler was caved in & the tailpipe was bent
at the top. The sides of the body were
buckled; tail gate OK. Right rear corner of
the cab was twisted. Left battery was torn
loose from carrier & wms 5 ft. from vehicle.
Cable from generator was torn loose. All
spring clips on right rear spring were bro-
ken loose at .spring.
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TABLE A.8 - DAMAGE EVALUATION, SHOT 12 (Continued)

Item Position, Move- Man hr Degree of Damage and Description
Distance p Pd ment repair
to GZ,ft (psi) (psi) ft req'd.

TRUCK, CARGO, 2-4 TON, 6 x 6, M35 (REO) (D&PS) DESERT ROCK SECTOR

l3i SO 2500 10.5 ll..5 50.1 46, D Severe. Vehicle on left side. Body blown off
& attaching cross sills over bo6ie ripped
loose -from body. Cab of vehicle was severely
bent & distorted, no doors usable. Radiator
hoses torn loose & mountings are loose.
Starter linkage jarmed. SteerinZ wheel bent,
balance of steering O.K. Cab floor bulged.

17 _0 5000 7-9 1.9 18.7 8-10, 0 Moderate. Vehicle was blown unside down.
Mduffler & tailpipe were blown 10 ft. from
vehicle. The roll-over safety bar was
cracked in the center. All fan blades bent
back over water pup. Steering wheel bent
between the seat and dashboard. Hood was
blom 50 yardc from vehicle.

7 SO 2500 10.5 11.5 26.7 -, S Severe. Vehicle was blown on right side.
Left side of frame cracked over bogie
centerline. Cargo body was blown 30
yds from vehicle. Tool box blown clear
of vehicle. Right front tire flat. Ser-
vice brake line off master cylinder
broken. Not economically repairable.

8 SO 2500 10.5 11.5 55.5 16, F Moderate. Vehicle on right side. Both doors
on cab twisted. Hood blown off. Left
front fender blown off & right front fen-
der badly mangled. Transmission to inter-
mediate axle & intermediate to rear axle
propeller shafts missing.

12 SO 2750 9.0 7.3 3 4  8-I0, F Ibderate. Vehicle rolled over once & landed
on wheels. Gas tank pushed in, in two
places. Both doors bent. Both sides of
cargo body bent in & tail gate twisted.
Hood blown off & missing. Rear spring
clip bolts pulled out. Instrument panel
blown out of dashboard. Roll-over safety
bar broken at top center with the left
half on ground along side vehicle.

TRUCK, DUMP, 5 ToN, 6 x 6, M51, (D&PS) DESERT ROCK SECTOR

20 SO 3000 7.9 1.9 7.6 -, ---. Vehicle was blown on right side. Both
sides of cab damaged. Hood was blown 20
yds from vehicle. Vehicle received severe
damage on Shot 4. Only minor additional
damage on Shot 12. If dum body were
operational before shot, probably would
have been damaged in overturn. Estimate
moderate damage to serviceable truck.

TRUCK. 2-- TON, 6 x 6, GM DESERT ROCK SECTOR

SO 2750 9.0 7.3 22 3, 0 Mbderate. Truck rolled over & is upside
down. Roll-over safety bar was crushed
but effectively protected cab & steering
wheel. Will be combat usable by replace-
ment of one battery.

TRUCK, UTILITY, - TON, 4 x 4, JEEP, DESERT ROCK SECTOR
3 SO 2000 15.0 32.0 180 -, S Severe. Frames bent. Vehicles dismembered,
ea. side damaged beyond repair. Some components

by remained with vehicles.
side

SO 2000 15.0 3P-.O 0.7 0, - Light. Was displaced only slightly. Hood
behind blown off. No other damage.

7-ft
mound
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TABLE A.8 - DAMAGE EVALUATION, SHOT 12 (Continued)

Item Position, P Move- Man hr Degree of Damage and Description
Distance P Pd ment repair
to GZ, ft (Pat) (psi) ft req'd.

TANK, M8, 90 m, DESERT ROCK SECTOR

23 FO 2000 15.0 32.0 13 2, 0 Light. Gun forward. Vehicle facing ground
zero at 450

. 
Vehicle displaced 13 ft.

Left fender and boxes ripped off. Small
section of fender caught in bustle.
Usual glass damage to exterior lights and

vision devices. Vehicle otherwise was
sound.

24 SO 2000 15.0 32.0 11.3 2, 0 Light. Gun traversed 900 to right. Left
side of vehicle exposed broadside to
ground zero. Vehicle displaced aooroxi-
mately 12 ft. Fenders were completely
ripped off left side. A 6-to-8 ft.
section was restrained from tearing free

by turret bustle. Right side fenders

intact. Usual damage to exterior lights
& vision devices.

25 FO 2000 15.0 32.0 5.5 2, 0 Light. Gun for-ward. Vehicle facing ground
zero. Vehicle displaced approximately
6 ft. Right fender slightly bent & raised.
Left fenders almost in perfect condition.
Usual glass damage to exterior lights &
vision devices.

ARMWRED IFANTRY VEHICLE, N 59 DESERT ROCK SECTOR

26 RO 2000 15.0 32.0 14l 64, F Moderate. Vehicle exposed with rear to
ground zero. Displaced 141 ft.landing on
right side. Nos. 1 thru 3 left rear
wheels suffered broken hubs. Nos 4 & 5
left "heel suspension also need renair.
Rear left shock needs reolacement. Bull
structure slightly buckled. Right engine
& transmission torn off mounts & lying
in cargo body. Accessories on engine..
carburetor, etc., broken. Mounting brack-
ets are weak (engine). Left engine mounts
started to buckle and engine, although in
place, was leaning outwards. Needs to be
re-aligned. Air cleaner battered.

155 SP 97, DESERT ROCK SECTOR

27 RO 2000 15.0 32.0 48 64, F Moderate. Vehicle exposed with rear to
ground zero. Blown back approximately 48
ft, resting on its top side. Somersaulted
about gun tube. Suspension in excellent
condition. Egine, transmission, & con-
trols sound. Gun tube not bent. Starting
attempt not possible due to spillage of
electrolyte. Left side of cab buckled
slightly at driver's location. Spade,
although uninjured, cannot be raised or
lowered properly, locks broken & bent;
cable broken.Most severe damage suffered
to sighting equipment. Telescope broken.

Traverse impossible because of broken
pinion gear. Gun will not elevate, hand-
wheel interfered with azimuth indicator.
Vehicle can probably be started and run
under own power. Repairs necessary to tra-
verse and elevating controls, and spade
needs proper rigging. Sighting equipment
needs replacement.
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TABLE A. 9 - DAMAGE EVALUATION, SHOT 13

rZI: FO front-on: SO side-on: F field maintenance: 0 organizational maintenance: N none
S salvage.

Item Position, Move- Man hr Degree of Damage and Description
Distance Ps Pd ment rep'ir
to GZ,ft (psi) (psi) ft req'd.

TRUCK, UTILITY, I TON, 4 x 4, w-Ii JEEP
U

39 SO 4000 6 1 - 21.3 1, 0 Light. Hood blown off-vehicle blown up-
side down. Windshield broken. Steering
wheel bent, blackout light bracket
bent, and battery acid drained out.

Paint scorched on left side.
11 SO 3700 6.8 2.2 26.9 1, 0 Light. Vehicle blown upside down, hood

blown off. Windshield broken. Steering
wheel bent. Slight bend in rear of
body. Radiator leaking and battery
needs replacement. Dashboard was bent
when hood tore off. Throttle and choke
linkages need adjustment. Paint scorched

TRUCK, 3/4 TON, m37, DESERT ROCK on right side.
SO 3700 6.8 2.2 29.2 5, 0 Moderate. Venicle upright but rolled over

once. Right front of body received
moderate damage in roll-over. Front of
frame twisted slightly. Front bumper
missing. Body dented in several places.
Too of cab assembly and hood need re-
placement. Fan bent badly and batter
broken. Left front spring broken. Head-
lamps broken and paint scorched.

TmCK, TON, 4 x 4
, JEEP

35 SO 3300 8.6 7.5 32.9 7, F Moderate. Vehicle blown upside down. Ve-
hicle was damaged on previous shot.
Frame twisted slightly and left side of
body bent badly, possibly from prior ex-
posure. Hood missing. Brush guard bent.
Radiator leaking & battery needs replace-
ment. Steering wheel & column bent.
Instruments need repair because of bent
cowl & panel. Paint scorched.

TRUCK, 2-3 TON, MC

F0 3000 9.5 ll.3 11.7 4, 0 Moderate. Vehicle remained upright. Sides
of cargo body bent. Frame for canvas
over cargo bent & upper cab assembly
bent badly. Hood missing. Radiator dam-
aged & requires replacement. Headlamps
need replacement. Vehicle operated for
1/4 mile after shot.

TRUCK, , TON, 4 x 4, =
33 SO 3000 9.5 11.3 143 20, D Severe. Vehicle blown upside down. Slight

twist in frame. Left side of body &
right front fender bent badly. Fuel
tank, radiator & battery require re-
placement. Front drive shift & front
axle broken. Rear axle twisted. Left
rear & right front springs & shock ab-
sorbers broken. All wheels bent. Head-
lights broken. Steering wheel & column
bent. Instruments need further check out.

36 FO 3000 9.5 11.3 20.5 4, 0 Moderate. Vehicle remained right side
up. Left front fender & brush guard
bent. Radiator punctured. Headlights
broken. Paint & upholstery scorched.
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TABLE A.9 - DAMAGE EVALUATION, SHOT 13 (Continued)

Item Position, Move- Man hr Degree of Damage and Description
Distance Ps Pd ment repair
to GZ,ft (psi) (psi) ft req'd.

TRUCK, 3/4 TON, M 37, DESERT ROCK

SO 3000 9.5 11.3 98 12, F Moderate. Vehicle resting on left side.
Top part of cab assembly bent badly.
Right front fender needs repair. Rad-
iator crushed & unserviceable. Carbur-
etor base broken. Steering wheel &
column need replacement. Headlights
broken. Wiring needs repair.

TANK, M 24, DESERT ROCK

FO 3000 9.5 11.3 1.0 1, 0 Light. Vehicle in good condition. Hull,
turret, gun mantlet & fenders intact.
Minor repairs to vehicle required.

FO 1700 15.0 30.0 150 56, F Mderate. Hull left & right suspension
intact except for No. I shock absorber
on right side whose upper mounting
bracket sheared its 3 belts. Engine &
engine compartment, grills, etc., in
good condition. Fenders ripped and bent
on right side. Turret blown off com-
pletely, shearing all ring bolts. Gun &
mantlet torn free of turret, trunnion
caps pulling free of turret displaced
several hundred feet beyond tank hull.
Complete turret replacement necessary.
Shell of tank salvageable. Transverse
& elevating mechanism, azimuth indica-
tor, trunnion re .uire replacement as
well as hatches & vision prisms. Turret
shell not bent or injured.

TANK, M 48, 90 m (D&Ps)

23 O 2050 11.5 25.5 130 81, F Moderate. Rolled over 1-1 times. Left
3/4 track blown 150 ft. rearward. Left

left front compensating idler was thrown
500 ft in same direction. Right track
broken. No. 1 right road-wheel was
half wrapped around the hull. Right
front shock absorber broken. Left fen-
der was blown clear of the vehicle &
right fender bent upward restricting
turret rotation. Engine could not be
started because of split battery elec-
trolyte. Elevation hand pumz end was
blown off & gun remained 1-g inches out
of battery. Cupola lock was broken &
the loader's hatch balance springs were
missing. The gun remained out of battery
because of dust in recoil mechanism
caused by hitting the depression stop.

24 ISO 2050 11.5 25.5 62 48, F Mbderate. Thnk resting on right side. Right

Gun suspension was intact but the left track
over was broken & hanging on the front sus-
left pension components. Left final drive &
side compensating idler were leaking oil.
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TABLE A.9 - DAMAGE EVALUATION, SHOT 13 (Continued)

Item Position, Move- Man hr Degree of Damage and Description
Distance Ps Pd ment repair
to GZ,ft (psi) (psi) ft req'd.

TANK, M48, 90 m-m (D&PS) (Continued)

The left fenders were torn free & had
wrapped around the gun tube at the mant-
let. The right fenders were intact.
Right rear No. 2 transmission grille, &
Nos. 3 & 4 right engine grilles were
blown off. After uprighting the engine
was started. All exterior optical de-
vices were badly damaged. Gun could be
elevated & traversed manually. Driver's
hatch was blown off & cupola hatch
blown open & sprung. Engine compartment
door had loosened & was interfering with
turret operation.

25 F0 2050 11.5 25.5 23 20, 0 Light to Moderate. Both rear fenders were
blown upward & the forward fenders bent
downward. Track, suspension, engine &
power train components in excellent con-
dition. Vehicle was started & driven
off. Exterior optical devices were
severely damaged. The cupola hatch hinges
were sprung, the hatch having opened &
the handle pulled out. Engine bulkhead
was blown into the crew compartment.

155 mm GUN, SP, T-97 (D&PS)

27 FO 2050 11.5 25.5 31,5 2, 0 Light. Five foot front section of both
front fenders were ripped & folded back.
Driver's door was blown free, it was
not locked prior to test. Minor damge
to overall vehicle.
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Appendix B

TEST of COMBAT and TRANSPORT
VEHICLES in OPERATION TEAPOT

This Appendix is composed of two parts; the first part concerns the
exposure of combat vehicles; such as, tanks and the second Dart concerns
the exposure of transport vehicles: such as, trucks. Two separate re-
ports (References 8, 9) have been written by Development and Proof
Services (D&PS) of Aberdeen Proving Ground on the vehicle exposures in
Operation TEAPOT. For further details about 'he test of the vehicles
reference should be made to the above reports (References 8, 9).

The purpose of this Appendix is to describe the principal results
and conclusions of these two reports. The information will complement
the results of Project 3.1 and make available in this report the results
of the complete program of equipment exposure.

B.1 TEST OF COMBAT VEHICLES

B.1.1 Objectives

To evaluate the vulnerability of current production combat
vehicles to nuclear weapons and to obtain design data to minimize com-
bat vehicles damage.

B.1.2 Procedure

A test plan for the "Teapot" series required placing of
vehicles in successive shots at increasing increments of 5 psi predic-
ted static overpressures. Ranges to achieve these 5 psi steps were
varied, depending on the anticipated yield of the shots. Since the
primary objective was to assess the design of vulnerable weak compon-
ents, the limiting condition for participation was to be the point of
vehicle upset. Heat flash, radiation and blast effects on the test
vehicles were evaluated. The initial exposure for the Shot 4 was
planned at 10 psi for tanks and at 20 psi for the M59 and T97, since
the latter two vehicles were exposed to an earlier shot, Shot 1, at l4
psi. The reported pressure levels must be interpreted with caution
since the blast gages were not in or on the vehicles; values presented
are computed from blast gages placed in the vicinity of the vehicle
test locations. Erratic radial blast patterns were observed on several
shots, with variances in the extedt of damage sustained by vehicles
within the same shot.

Initial plans were to expose the armored vehicles on only
the "hard" (high yield) shots, however, the AIV-M59 and SP T97 were
exposed on Shot I as well as M48 tank on the Shot 5. All but the Shot
1 were tower shots.
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A photographic record of vehicle conditions before and after
each shot was obtained. Supplementing the still photographs is a doc-
umentary motion picture film, available from the Ballistic Research
Laboratories, Aberdeen Proving Ground, Md.

Detailed examinations were conducted after each exposure,
including a functional operation of the sighting components, turret
controls and automotive components. An estimate of the type of main-
tenance and labor time reouired were made for each damaged vehicle.
A final evaluation and functional check was performed on the three
M48 tanks at the Yuma Test Station, Arizona, after the termination of
testing at Camp Mercury, Nevada.

Depending on the extent of vehicular damage, the original
plan was modified to derive the maximum test data possible from the
"Teapot" series. Later in the series, tank turret attitudes and
vehicle positions were changed.

B.1.3 Results

The weapons observed were characterized by a burst of
energy whose effect on material was evidenced as heat, blast or radia-
tion damage. After study of earlier nuclear tests, it was decided to
remove the canvas gun mantlet covers, to prevent combustion. Some
canvas items were left on the vehicles to confirm that the canvas would
be charred by the heat flash: however, no sustained fires occurred to
other combustibles. No gasoline, rubber, or oil fires were observed
during the tests, even though a number of vehicles turned over. Com-
bustibles inside the tank were protected by the turret armor. Blacken-
ing, discoloring, or scorching of paint to some extent usually occurred
on each shot.

Blast damage may be divided into exterior damage prior to
roll over, and finally to a combination of blast and roll-over damage.
Periscopes, telescope, range finder end windows, pioneer tools, driving
lights (glassware), and sheet metal damage predominate before blast
energy is great enough to turn over the vehicle. Secondary damage
occurred to optical parts due to sand and missisles picked up by the
shock wave. In instances where shock was great enough to roll over the
vehicle, structural damage and secondary interior damage was observed.

At approximately 36 psi dynamic pressure, tanks were turned over, and
their tracks and suspension compmantswere blown off. The shock front
caused little interior damage to the tanks since two of the three tanks
completed a check out firing test at Yuma after the "Teapot" series.
All three tank engines and transmissions were successfully operated.
This was not the case, with the more lightly armored M59 and T97.

The shock wave generally produced displacement of the ve-
hicle depending upon the orientation, range and yield of the device. For
example, in the range of 10-15 psi, overpressure is an unreliable damage
index since an M48 tank may be displaced from 20 to140 feet depending on
original orientation. The dynamic pressure is a better criteria. Damage
was light until the dynamic pressure exceeded approximately 30 psi

Each engineer observer estimated the maintenance time re-
uijired to return the damaged vehicle to combat use. A correlation of

static pressure with man-hours reauired could not be determined. From
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7.5 to 15 psi overpressure required approximately from zero to 80 man-
hours repair work (with ordinary mechanics hand tools). Overpressure
does not give sufficient basis to estimate damage, dynamic pressure is
a more realistic index of damage. Caution is recommended in interpre-
ting damage maintenance due to the small sampling of vehicle orienta-
tion.

To permit a final complete firing and automotive evalua-
tion, the five test vehicles were shipped to Yuma Test Station. Here
the tanks were carefully checked for missing or daaged items, (replace-

ment items included range finder end boxes, periscope parts and storage
batteries). The AIV M59 and SP T97 did not warrant further investiga-
tion. The main guns of two tanks were fired, cbtaining average 15-round
dispersions of .11 mils and .09 mils probable errors with APC M8.2. Power
packages control systems and sighting components were satisfactorily
operated. On one tank the gun was unsafe to fire since it hung out of
battery due to the dent in the recoil mechanism. The main engine of
one tank had a hydrostatic lock in No. 6 cylinder and badly fouled
spark plugs. Two 90 mm guns had rotated in their mounts 5.5 CW and 40
0W. This rotation caused misalignment of the firing linkage. One tank
with undamaged suspension was operated 12 miles. All tanks were checked
for engine and transmission operation in low, high and steer conditions.
Range finder collimation was satisfactorily checked on two tanks after
replacement of the end boxes. On two tanks the commander's hatches
were sprung. One turret bearing was disassembled and found to be sat-
isfactory. Turret hold down bolt torques did not change significantly
during the "'TEPiOT" series. Other daw e sustained by the three tanks
was of a minor nature.

B.1.4 Conclusions

Dangerous interior radiation levels (450 R) were experienced
at a greater range (approximately 3200') from ground zero than that
where roll over or extensive blast damage was experi enced (approximately
2050 feet) by the M48 tanks. Lethal dosages occurred in the crew com-
partment of the AIV M59 and SP T97 at even greater ranges.

Orientation of the tank armor affects attenuation (front

11% to side 18% on Shot 13).
Radiation measurements inside the armored vehicles is

apparently omnidirectional (as concluded from film badge measurements).
Exterior blast damage was not extensive until dynamic

pressure exceeded 30-35 psi.
The M48 tanks had exceptional ability to withstand shock up

to the point of roll over damage.
No major residual sources of radiation exist inside of the

armored vehicles and the interior levels drop immediately on movement
to an uncontaminated area.

Lightly armred high silhouette vehicles are more suscepti-
ble to structural damage. Both MIV M59 and SP T97 were badly damaged,
during the "TEAPOT" series.

Types of vehicle components which were affected by the
"TEAPOT" series are as follows:
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1. Th.nks M48

a. Exterior optical glass surfaces sooted or erroded
at most ranges and damaged at shorter ranges.

b. Cupola and driver's hatches opened, or sprung at
high dynamic pressures.

c. Spillage of gasoline, oil, and electrolyte occurred
when vehicles were turned over.

d. The guns of two tanks rotated (4o to 5.5O) due to
releasing of the breech ring torque key in the slide of the breech
guard.

e. Depression stop location dented the recoil system
and caused one gun to remain out of battery.

f. The engine compartment doors and fastenings failed.
at approximately 30 psi dynamic pressure.

2. Armored Infantry Vehicle M59
a. The engine access panels were blown into the engine

compartment at approximately 14.0 psi static overpressure.
b. Coolant leakage occurred due to loosening of hose

clamps.
c. Cargo compartment doors bent inward at 14.0 psi

static overpressure.
d. The engine and transmission mounts were deformed

at 30 psi dynamic pressure.

3. Self-Propelled T97
a. The nigh silhouette apparently caused this vehicle

to be susceptible to overturning.
b. The spade as well as other exterior components were

vulnerable.

B. 1.5 Recommendations

Since the vehicle crews are more vulnerable to radiation
than tne armored structures, design improvements must be carefully
evaluated relative to the need for recovery and future use of combat
vehicles.

Additional study be made of radiation effects on armored
vehicles to include (1) interior effects on vehicles when crossing
radioactive terrain (2) more accurate radiation measurement techniques
and (3) field expedient methods of protecting the tanks and tank
components.

The effects of nuclear weapons be included as a major
design consideration in Ordnance Committee action on all new armored
vehicle designs.

Design weakness observed during the "TEAPOT" series be
considered for correction during the product improvement period, and
when new vehicle designs are undertaken.

Resupply of vulnerable parts (exterior stowage, lights,
periscopes, etc.) be studied by the appropriate agencies.
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B.2 TEST OF TRANSPORT VEHICLES

B.2.1 Objectives

To familiarize Ordnance Corps design and test agencies with
nuclear explosive concepts; to develop engineering data for improving
the design of vehicles to meet conditions imposed; and to evaluate
experimental modifications designed to correct previously discovered
weaknesses.

B.2.2 Procedure

Various vehicles were exposed at distances from ground-zero
dependent upon expected blast pressure where vehicle damage was expected
to be light, moderate, and severe. The vehicles were also exposed in
various orientations such as front-on, side-on, etc. After exposure,
the damage to the vehicles was evaluated. Military Ordnance maintenance
personnel from a 6th Army Ordnance unit at Camp Desert Rock assisted in
recovery, reconditioning, repairing, modifying or salvaging whenever
necessary.

B.2.3 Results

A sumnary of the results of the tests is shown in Table
B.1.

B.2.4 Observations

Residual radiation from exposed transport vehicles was no
greater than the general background radiation in the area where the
vehicle was located. That is, when an area was declared safe for per-
sonnel to enter without exposure to excess radiation, it was safe also
to enter vehicles, start them, drive them, etc.

There are specific areas and components of transport vehic-
les that can be better designed to withstand blast.

a. General
(1) Large pieces of sheet metal that are not essential

to the vehicles function, i.e. engine hoods, shoudd be fastened so that
when they are subjected to significant pressure difference, an auto-
matic release should occur which will prevent damage to adjacent sheet
metal or components.

(2) Radiators are very vulnerable to flying debris. A
properly designed maze or screen would help reduce damage to this essen-
tial part. Possibly placing vehicles with front bumper to front bumper
would minimize radiator damage.

(3) Rigid structures built in or attached near the
center of gravity could act as roll-over bars and help minimize cab and
body damage.

(4) Battery caps, oil caps, and fuel tank caps designed
to be leakproof when the vehicle is upset would have resulted in many
more vehicles being immediately operable after up-righting.

(5) Generally the batteries of the 2- ton Reo and
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5-ton trucks were not damaged as extensively as those on the 2-- ton
GMC under similar conditions due apparently to the better protection
afforded by the battery location.

(6) Fasteners for the front end of dump bodies to
rigidly lock the body to the truck frame would help minimize some of
the extensive damage to dump trucks.

(7) Sandbags on both the ground-zero side and the
opposite side of a vehicle resulted in a considerably damaged vehicle
as compared with a practically undamaged vehicle when placed on the
side away from ground-zero of a seven-foot mount of earth.

(8) Entrenchment of a vehicle below the ground surface

resulted in a minimum of vehicle damage in the one test conducted.
(9) Engine and transmission mounts should not separate

and fail due to rubber bearings.
(10) Major components should be attached to the frame

separately and on independent mounts so that large heavy areas are less
vulnerable to drag forces. This could eliminate large casting breakage
such as bell housings, transmission cases, and attendant bending of
shafts.

b. Specific
(1) Trucks, L Ton, 4 x 4

(a) The attachment of the constant velocity drive
joint housing to the front axle housing and brake backing plate should
be investigated because in a large number of cases that could otherwise
have been rated as light damage: this failure caused the vehicle to fall
into the classification of moderate damage.

(b) Carburetors were prone to snap off at their
base: this was often the only damage that prevented the vehicle from
being driven away.

(c) Although most of the damaged steering gear
shafts and posts of overturned vehicles could be bent back straight
enough for limited vehicle operation, a redesign of the steering column
or its physical location, or provision of adequate protection could
lessen the damage and hasten the recovery of vehicles.

(2) Truck, 3/4 ton, 4 x 4 - As only one vehicle of
this type was exposed, insufficient data was obtained to justify any
conclusions.

(3) Truck, 2 Ton Reo - The square design of the
fenders as used on the Reo and the 5-ton truck did not withstand blast
as well as the rounded fenders as used on the GMC truck. A frequent
failure on this vehicle and the 5-ton was the striking of the inter-
mediate-to-rear axle drive shaft on the bogie cross bar, causing the
shaft to bend or break at the universal joint. This could possibly be
corrected with increased clearance by increasing curvature in the
crossbar.

(4) Truck, 2 ton GMC - Frequent damage occured be-

cause of separation of the constant velocity drive joint housing from
the front axle housing.

(5) Truck, 5-ton, 6 x 6 - Fracturing of the clutch
bell housings indicates an inherent weakness in the housing or an
improperly mounted engine clutch transmission assembly.
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B.2.5 Conclusions

Military wheeled transport vehicles can be designed to
better withstand nuclear explosions.

Components and mountings that have proven to be especially
susceptible to damage by blast should be redesigned and strengthened.

Large sheet metal areas such as hoods, dump bodies, etc.,
should be designed so that damage is not transmitted to adjacent areas.

Screens, mazes, or protective locations are required for
vulnerable parts such as radiators, batteries, etc. to afford some
protection against flying debris and blast damage.

Roll-over bars aid in controlling cab and body damages.
Presently designed battery caps, oil caps, and fuel tank caps

do not prevent loss of the various liquids when a vehicle is upset.
A mound of earth on the blast side of a vehicle and entrench-

ment of the entire vehicle minimized blast damage: sandbags on both
sides of a vehicle did not mainly because sandbags barricades are
toppled by the blast. This implies that for maximum defensive protec-
tion the vehicle should be dug in.

B.2.6 Recommendations

Design studies followed by practical application, testing
and evaluation be made on all types of wheeled transport vehicles to
determine the most expeditious means of minimizing blast damage on
present standard and future design vehicles.

Large areas of sheet metal or glass that are not essential
for the operation or use of a vehicle be attached so that when subjected
to drag wind loads they immediately release without damaging the adja-
cent part to which they are fastened (for example: hoods, windshield
glass, battery, comoartment doors, etc).

Dump bodies be provided with lock-down devices to prevent
them from rising and tearing loose from the frame.

Roll-over bars, or provision for ready installation, be
incorporated into the design of all vehicles.

Screens, mazes, or protective locations be designed for
vulnerable parts such as radiators and batteries to afford protection
against wind drag forces and particularly against flying debris.

Engine and transmission mounts be designed to prevent
separation and failure due to shearing of rubber.

Battery caps, oil caps, and fuel tank caps be designed to
prevent loss of liquid when component is lying on its side or upside
down.

Major components be attached to the frame separately and
on independent mountings so that large heavy areas are not so vulnera-
ble to drag forces. This could eliminate the breakage of large
castings such as bell housings, which generally bring on a series of
casualties such as bent clutch pilot shafts, broken transmission cases,
etc.

Further investigate means of vehicle protection by grouping,
sandbagging, entrenchment, etc.
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Appendix C

SHIELDING STUDIES of ARMORED VEHICLES
The information given in this Appendix has been extracted from

the report written by Project 2.7 who conducted the shielding studies

in Operation Teapot. The consolidation of this information with blast

effects on armored vehicles provides accessible data in one report on
the vulnerability of armored vehicles to nuclear weapons.

The shielding studies included only the measurement of gamma radi-

ation inside and outside the vehicles. For details of the instrumenta-
tion and operation, reference should be made to the report written by

Project 2.7 (Reference 10).

C.1 ARMORED VEHICLES - SHOT 1, 4, 5, 8 and 12

C.l.l Personnel Carrier, AIV-M59

An AIV-M59 Personnel Carrier was instrumented with NBS-ESL
gamma film badges at the eight crew positions. Instrumentation was

placed on three mutually perpendicular directions at each of the eight
positions at Shot 1. The results of this type orientation study at

Shot I revealed that due to either the non-directional character of the
film badge, and/or, the fact that the radiation inside the vehicle was

isotropic, no significant directional effects could be discerned. Con-
sequently, no further instrumentation of this type was carried out on

subsequent shots. Instead, one film badge was placed at each of the
eight positions for Shots 4, 5, 8, and 12. See Figure C.1 for film
badge locations.

In addition, dose rate measurements were taken inside and

outside the vehicle while in the residual field to determine the

attenuation offered against residual contamination.

C.1.2 Self-Propelled 155-mm Gun, T97

A self-propelled 155-amm Gun, T97 was instrumented with NBS-
ESL gamma film badges at the six crew positions. The gun instrumented
with film badges oriented in three mutually perpendicular directions on
Shot 1. The results of this work indicated that further orientation

studies were unnecessary. The gun was thus instrumented and tested at
Shots 4, 8 and 12 with only one film badge in each position, and in

addition attenuation measurements were made for residual field radia-

tion. The film badge locations in the T97 are shown in Figure C.2.

C.1.3 Tank, 90-m Gun, M48

Three M48 tanks were instrumented with NBX-ESL film badges.

Badges were placed first in three mutually perpendicular directions for
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Shot 1. In tne suhsequent tests only one was placed at each of the
four crew positions. Also measurements were taken for residual radia-
tion. M48 tanks were instrumented at Shots 4, 5, 8 and 12. See Fig.
C.3 for film badge locations.

C.2 SHIELDING AFFORDED BY ARMORED VEHICLES

C.2.1 Initial Gamma Shielding

Comparison of film badge readings outside the vehicle and
at the various positions inside gives the attenuation characteristics
of the vehicle to initial radiation. Due to the different orientations
of the vehicle with respect to ground zero, the various tower heights,
and other factors not possible to control in this type of a field ex-
periment, it is to be expected that attenuation would vary witIin the
vehicle as well as from test to test. However, the measurements ex-
hibit good agreement and are tabulated for the various vehicles in
Table C.1 through C.4. The shielding properties were expressed in
terms of the'@Attenuation Factor", defined as the interior measured
dose divided by that incident, or equivalently; the fraction of inci-
dent dose which penetrates into the vehicles. This information is
shown in Tables C.5 through C.7. The -,uantity most useful as a practi-

cal field variable is the attenuation factor for each vehicle averaged
over all positions within the vehicle and all tests. These are given
in Table C.8.

Vehicles were not instrumented for neutron shielding, and
no attempt was made to correct for possible neutron blackening of the
film. This latter effect is believed to be small in all cases.

C.2.2 Residual Gamma Shielding

Shielding characteristics of these vehicles against the

residual radiation from fallout will differ from that observed against
the initial radiation due to the different source geometry and lower
characteristics energy of the radiation. To measure this effect, read-
ings were taken with TlB Radiac Instruments while the vehicles were still
in the residual field. The average dose rate at three feet above the
ground in the vicinity of the vehicle was compared with the average
reading inside. The data and corresponding attenuation factors are
listed in Tables C.9 through C.11. The overall averages are given in
Table C.12. A radiation decay curve for Shot 12 is shown in Fig. C.4.

C.3 SHIELDING AFFORDED BY ARMORED VEHICLES AGAINST AIR BURST ATOMIC
WEAPONS

C.3.1 Initial Gamma Radiation

Comparing the shielding characteristics of the tank, 90 m
gun. M48; the personnel carrier AIV-M59: and, the self-propelled
155 mm gun, T97, against initial gamma radiation it is seen that the
M48 tank gave the lowest attenuation factor by a large margin over the
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Fig. 0.3 Tank, 90 mmu Gun, M448

144--i31 K INITIAL OUTSIDE TANK

. -- 1. K INITIAL INSIDE TANK

C,

102

Ir 0 1_ _ _ _ _ _

NOE:MANK RAEMPOTED FO

10' __1_ _

-0 ARMOR (R/HR)

10-2 INSIDE TANK (R/HR) :
0 20 40 60 80 100

TIME (H+ HOURS)

Fig. C.4 Typical Radiation Decay Characteristics, Shot 12, for M48
Tanks
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other two vehicles tested against air burst atomic weapons. Comparing
the orientations positions of the M48 tank for different shots it is
evident th rr the head3-on position resulted in effecting the lowest
attenuation factor (greatest protection). The head-on attenuation
factor for Shot 4 is about one-half that for Shot 12. It is believed
that the gamma rays from Shot 4 on the 500 foot tower had to travel a

greater thickness of steel plate than the comparable rays from Shot
12 on a 400 foot tower with a smaller angle of incidence. Inside the

M48 tank (at all the tests) the commander's and loader's positions are
found to be less protected than the positions of the drivers and gunner.

This is true even for different orientations of the M48 tank.
The personnel carrier, AIV-M59, gave a lower attenuation

factor (greater protection) in the rear-on position with respect to
ground zero. In the head-on position the carrier gives approximately
50% less protection than in the rear-on position. In Shot 1 with the

carrier -ointed 220 to the right of the burst, the attenuation factor
is found to be g-reater than in the head-on position in-as-much as some
of the gamma rays are gaining entrance through the side nearest to
ground zero. Of the three armored vehicles tested against initial
gamm_ radiation, the carrier, AIV-M59 afforded the least protection.

The commander s and driver s positions receive 15-20% more gamma radia-
tion than tne corresponding doses at the infantry man positions within

the AIV-M59.
The shielding characteristics of the Self-Propelled 155 mm

Gun, T97, against initial gamma radiation are only slightly better than
the personnel carrier, AIV-M59. However, the average shielding provided
is only one sixth that provided by the Tank, 90 mm, M48. In regard to
the rear-on position 1he doses at each seat are approximately the same.

However, in the head.on positions the commander s, driver's and gunner's
positions have approximately 50% less shielding than that afforded the
crew positions 1, 2, and 3. As shown in Shot 1 where the T97 was
pointing 220 to the right of the burst and the nearest side was oblique-

ly exposed to the initial radiation, the driver's position offers the
least protection. Crew positions 1 and 2 afforded the most protection.
The shielding provided the gunner, commander, and crew 3 positions is
found to be slightly greater than the vulnerable driver's position.

C.3.2 Residual Gamma Radiation

Since the gamma energy of fallout is less than the average
energy of the initial gamma radiations, the armored vehicles should

afford greater protection against ground contaminant (residual gama
radiation) resulting from an air burst atomic weapon. This is found to
be the case for the personnel carrier, AIV-M59 and the self-propelled

155 mm gun, T97. However, for the tank, 90 mm, M48 the shielding
values are against residual gamma and initial gamma are approximately

-dentical. The M48 tank affords the greatest protection of all the

armored vehicles with time and with shots. In Shot 4 the attenuation
factor was found -to decrease asymptotically with time from H + 4 hrs

to H + 54 hrs. In Shot 12 the factor is found to decrease sLightly

Ln Tank 23; increase slightly in Tank 24; and decrease, then increase,
thus displaying a minimum in Tank 25. For some unexplained reason the
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bt4 /en1dt r Oifact',z" f 'fhrt 4 and Shot 5 ore f'rond to ber ornly 20% to

'r4 f/ the attf ..,,tn ,'e toro fir Shot , ,,nd 8h't -2. This ".nomaly

ma/ b ' p'hind by the hjh radiat'on rat, , Shot 4 and Shot 5. It
jer, that the teiita f'actoru bai fa)r the 1448 tanko are

e" rgy depefdent. However, the low attenviatian factors 0n Shot 4 and
Shot 5 can alzq be exptalned by the fa,::t tba.t ,_ezz airborne rad'oactive
co',.tam darit uflht entered the talnjkz "n'dg ,d -n itg iner Our-

TABLE C.8

Attenuation Factor Against
Vehicle Tpre Initial Gama ,adiation

Personnel Carrier MIV-M59 0.7

Self-Frovelled 155-rm Gun, T97 o.6

Tank, 90 m, "48 0.1

fa.ccs. Such a jben-;,-ern woud make the ;npureat factors iarger than
tube 'a-ctors.

The attenuatior. factor f or the T97 was foind to be 50
onailer Ir Shot 4 thar %- 'ther Shot P or -2. Th-is cod be caou.sed
also by more Tontezant dunst eater'ng the T97 In Shots ; and il. The
average attenmation factor for the T97 's sigrlfcantly less than the
personnel carrier, AI--M59, but is four times the factor for the 1448
tankiks. The atten atior; factors f or the T97 are not so time deperdent
az for the 1414s tnkis.

The amount .)f shielding provided by the personnel carrier,
AIV-M5, is the _east of all the armored vehicles tested against re-
sld.-al radiation. In Shot 4 it is found that the attenuation factor
decreases asymptotically with time from H + -. hours to H + 81 hours.
in Shot 12 the factor for the AIV-M59 first Increased and then de-
creased after reaching a maximum vallue. The averages for the two shots
found to be approximately the same althoug at any particular time the

factor for Shot _2 is usually greater. Variations in the factors for
d'fferent shots could be accounted for by variations in "blow-in" and
"blow-out" (radioactive dust) that at first settles in an armored
vehIcle and then is redispersed.

C.1 CONCLUSIONS

1. The tank, 90 mm Gun, M48, afforded the greatest shielding
against both initial and residual radiation of all the armored vehicles
tested.

2. The average attenuation factor against initial gamma radiation

for vehicles head-on to an atomic burst were 0.1, 0.6, and 0.7 for the
M48 tank, the T97, 155 m, self-propelled gun, and the Personnel
Carrier, AIV-M59.
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9. The greatest amount of protection was obtained against residual
gamma radLation with the M1-8 tank in the head-on position and the T-97
and the AIV-M59 in the rear-on positi.-n; the attenuation decreasing for
vehicLes in other orientations to the bijrst.

4. The average attenuation factors against residual gamma radia-
tion were 0.1, 0.4, and 0.6 for the tank, 90 mm Gun, M48, the self-
propelled, 155 mm gun, T97, and the Personnel Carrier AIV-M59, res-
pectively.

C. 5 RECOMMENDATIONS

In future shielding studies of armored vehicles measurements of

neutron flux radiation should also be taken. These measurements
should include the overall energEy spectra of neutron radiation. Fur-
thermore, along with the exposure of tanks it is recommended that
"boxes" constructed of similar material as the tanks and other material
be also exposed for the purpose of shielding studies. The exposure of
"boxes" may obviate the necessity of continuously exposing tanks in

future tests.
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PHOTOGRAPHY
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Fig. D.49 - M48 iank, Side-on, Gun Cver Left Side,
2050 ft from Ground Zero, After Shot 13,

Fig. Di.50 -T9?, Face-on, Break8 Off, 20'0 ft
From Ground Zero, After Shot 13.
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